ENGINEERING NEWS 


A Journat or Civit, MecuanicaL, Mininc anp ELectricat ENGINEERING 


LIT. No. 19. 


LI NG ARTICLES: 
Cement Exhibits at the St. Louis Exhibition (illustrated)........................ 


New York, November 10, 1904. 


CONTENTS 


Page 


40% EDITORIAL COMMENT.—Some Remarkable Work in Driving the Hudson River Tun- 
Reduction of Risk from Fires Caused by Spontaneous Combustion of Gott Coal. 400 nel.—Expert Chemical Work as Viewed by a © ontemporary.—The Objections 
-m Pag Goatees Mine Ventilating Fans (illustrated); R. V. Norris, 10 to Asking a Bidder to State the Time Kequired for Completion of a Contract.— 
, ogress of the Excavation Work at the New York Central and Hudson River R. R. Damages to Contractore by Untorseen Stoppage of Work ....... «28 
New Water Tank and Supporting Tower for East Providence, R. I. (illustrated); EDITORIAL,—The Difference Between Hardpan and Rock ........ 424 
creas of the Excavation ca for the Pennsylvania R. R. Terminal in N. Y.City. 414 LETTERS TO THE EDITOR.—A Case of Too Much Protection in Fire-Resisting Con 
toe Washington Terminal Improvements of the Baltimore & Ohio and the Penn- struction (illustrated); W. T. M.—A Plea for Small-Sized Contracts on the New 
sylvania Railways (illustrated); W. F. 415 York Barge Canal; “Anti-Bond Monoply.’’—Wind Streases in Knee-Braced Mill 
‘he Remarkable Progress of the Hudson River Tunnel for the New York & New Buildings (illustrated); Chas. M. Emmons, M, 8. Ketchum, W. Coase Thomaon, 
Formulas for Rapid Blue-Printiag Paper ... 421 
‘iydrauliec Relief Valves for Water-Wheel Penstocks (illustrated) sap 422 428 


THE CEMENT EXHIBITS AT THE ST. LOUIS EXHIBITION. 


The engineer who remembers the meager ex- 
hibits of American Portland cement at _ the 
World's Columbian Exhibition at Chicago in 1893, 
has an agreeable surprise in store on vis:ting the 
exhibition now being held in St. Louis. Eleven 
years ago a Portland cement industry, practically 
speaking, did not exist in America, These eleven 
passing years have, however, witnessed a wonder- 
ful change. Now the United States leads all 
countries but Germany in the production of Port- 
land cement. It now produces some 24,000,000 
barrels of this important material and this de- 
velopment is naturally reflected in the cement 
exhibits at St. Louis as compared with those at 
Chicago in 18938. Another remarkable change 
brought about in this interval of time is the ad- 
vent into general structural importance of rein- 
forced concrete. The exhibits of this material at 
St. Louis are another 
feature that differentiates 


The exhibits comprised in groups 5 and 6 are 
located outside of the cement building, and those 
of the remaining groups are located inside the 
building. 

THE CEMENT BUILDING. — The cement 
building in which the larger portion of the ex- 
hibits mentioned is housed, is itself an exhibit of 
the latest development in cement construction, it 
being built throughout of reinforced concrete. <A 
front view of the building is given by Fig. 1. It 
consists of three pavilions separated by inter- 
mediate courts and connected across the front by 
a continuous loggla. The superstructure of rein- 
forced concrete rests on a solid foundation footing 
of concrete having a depth in some places of 
16 ft. Each pavilion is one story high, and con- 
sists of four walls covered by a double pitch roof 
carried by beams resting on wall girders carried 
by the walls and wall columns. The walls are 
reinforced both horizontally and vertically by 


j 


notice by engineers. The interior finish of the 
walls and ceilings consisted in floating the con- 
crete while green with cement mortar and paint- 
ing the surface. It is the outside wall @nish, 
however, that is of especial interest. Here a 
rough finish free from cracks and discoloration 
has been secured, which leaves little to be criti- 
cised in its appearance. The mode of securing 
this finish was as follows: The forms were re- 
moved after 24 hours after concreting, and the 
surface was then scrubbed with soft wire brushes, 
while at the same time washing the scrubbed sur- 
face with a hose stream. The effect of this opera- 
tion was to remove the cement and sand from the 
surface, leaving the stone exposed and producing 
the effect of rough casting. 

The three pavilions are utilized as follows: The 
center pavilion for the model testing laboratory; 
the south end pavilion for office, reception room 
and library of cement literature, and the north 

end pavilion for the exhib- 


the present American ex- 
hibition from its predeces- 
sor of 1893. It is com- 
parison of this kind that 
first occur to the engineer 
who has had the good for- 
tune to study the showing 
of the two exhibitions in 
the fleld of cements and 
cement products. The ex- 
hibition of cement pro- 
ducts and of works in ce- 
ment at St. Louis are, fur- 
thermore, of exceeding 
interest in themselves 
apart from any reminis- 
cenees they may arouse of 
past and far different con- 
ditions. Certainly no engi- 
neer who visits St. Louis 
during the World’s Fair 
period should fail to exam- 
ine the collective cement 
exhibit within and sur-~ 
rounding the building of 
the American Cement Man- 
ufacturers’ Association. 

SCOPE OF THE EXHIBIT.—The collective ce- 
ment exhibit at St. Louis embraces: 

(1) A collection of the raw materials from 
which Portland cement is manufactured, together 
with samples of this material taken. in various 
Stages of manufacture to the finished product. 

(2) A collection of the various sands, gravels, 
cinders, broken stone and metal used in concrete, 
together with photographs and models of struc- 
tures built of conerete in all parts of the world. 

(3) A library of books and files of the various 
technical journals devoted to cement, mortar and 
concrete, 


(4) A completely equipped model testing lab- 
oratory. 


(5) A collection of machines for mixing concrete, 
molding concrete blocks, etc, 


(6) A collection of molded and cast structural 
and ornamental forms in concrete, 


FIG. 1. 


its of raw materials in 
glass jars; the samples of 
reinforcing bars and mesh, 
and photographs and dia- 
grams. Perhaps the most 
interesting exhibit In the 
north pavilion is that of 
the raw material and fin- 
ished cement. The exam- 
ples have been selected 
from different sections of 
the country, so as to rep- 
resent both the variety in 
raw materials used for 
making American Port- 
land cement and the char- 
acteristic cement materials 
of the various localities 
where cement manufac- 
ture is most active. Gener- 
ally, each exhibit consists 
of separate jars of each of 
the raw materials——cement 
rock, limestone, marl, clay, 


THE CEMENT BUILDING OF THE AMERICAN ASSOCIATION OF PORTLAND CEMENT 
MANUFACTURERS AT THE ST. LOUIS EXHIBITION. 


5-16-in. rods, spaced 12 ins. apart. The roof beams 
are of 30-ft. and 20-ft. span, reinforced by round 


rods ranging from %-in. to %-in. diameter, and 


the roof slab is of “ferro-inclave” construc- 


tion and is 3 ins. thick. The roofing of the 


loggia is cement tile of a rich red color, and the 
wall coping and finials are of cast concrete shapes 
set in place. Ornamental medallions of cast ce- 
ment molded to represent the labels of the 
various cement companies are inserted between 
windows in the court walls. The concrete used 
for the walls and girders and for the loggia was 
composed of 1 part Portland cement, 3 parts sand 
and 6 parts broken stone for the substructure, 


and of 1 part Portland cement, 2 parts sand and 


4 parts chats (screened tailings from the Mis- 
souri lead mines) for the superstructure. 

The exterior and interior finish of the concrete 
walls and girders are particularly deserving of 


shale—of a jar of the 
ground raw mixture, a 
jar of clinker and a jar of 
finished cement. 

There are also jars of coal and of pulverized coal 
dust for rotary kiln firing. The whole makes a 
notably interesting exhibit of cement material in 
its various stages of manufacture to the finished 
product. 

THE MODEL TESTING LABORATORY.—To 
many the most interesting portion of the collective 
cement exhibit will be the model testing labora- 
tory, occupying the central pavilion. This labora- 
tory is proclaimed to be the finest that has ever 
been installed in this country, and a’ glance at it 
would gladden the heart of any cement tester. 
The Cement Manufacturers’ Association had a 
two-fold purpose in installing this laboratory; 
first, the purpose of exhibiting a laboratory as 
nearly perfect in its apparatus and appointments 
as the designer could devise, and, second, the pur- 
pose of conducting a series of tests to throw licht 
on certain unsettled questions of cement testing. 
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The success of the secondary purpose cannot, of 
course, be disclosed until the results are all col- 
lated, but the scheme of work as outlined to a 
member of the Engineering News editorial ‘staff 
who visited the collective exhibit in September, 
by Mr. Richard L. Humphrey, M. Am. Soc. 
Cc. E., the engineer in charge, gives prom- 
ise of useful information. We can, however, 


to the main supply pipe so that the temperature 
of the water can be kept constant however much 
its normal temperature may vary. 

The equipment for strength tests is unusually 
complete and interesting. It comprises for ten- 
sile tests an automatic, motor-driven Olsen ma- 
chine and an improved Fairbanks machine. For 
compression tests there is a special 40,000-Ib. nia- 


FIG. 2, LEFT INTERIOR VIEW OF MODEL CEMENT-TESTING LABORATORY. 


announce now the entire success of the first 
purpose of the Association. It is so unquali- 
fied that we shall give space here to very complete 
illustrations and descriptions of the laboratory 
equipment. A right and left view of the labora- 
tory showing all the apparatus in place is given by 
Figs. 2 and 3. To avoid confusion, the apparatus 
will first be described, and then will follow a very 
brief outline of the work being done. 

The mixing tables shown in the foreground of 
Figs. 2 and 3 are specially designed for their 
purpose. The drawings of Fig. 4 show the details 
of the construction. As will be seen, each table 
consists of a raised center portion (one of which 
carries a moist pan), and two depressed side por- 
tions, with glass mixing plates 2 ft. square and 1 
in. thick set flush. Two operators can work at one 
table, using in common the center moist pan. This 
is 2 ft. square and 6 ins. deep, with a cloth-covered 
wire screen top, and having a wooden rack in the 
bottom %-in. high. The pan is filled with water to 
the top of the rack and the cloth is kept wet, thus 
insuring constant moisture conditions for the test 
pieces. This moist pan is used sclely for storing 
the test pieces employed for the time of setting 
tests. 

To store the tension and compression test pieces 
and the soundness pats for the first 24 hours be- 
fore immersion, there is provided a moist closet 
constructed as shown by Fig. 5.. This is a soap- 
stone box divided into two compartments, each 
with a planished copper-covered wooden door and 
cleats for carrying the shelves. The entire inside 
of the box except the bottom is lined with felt. The 
bottom shelf is a- wooden rack, and each of the 
upper shelves consists of four glass plates 4 ins. 
wide and 22 ins. long, each accommodating a 
gang mold of briquettes. 

The test pieces designed for test at greater ages 
than 24 hours are removed from the moist closet 
and placed in immersion tanks. These are con- 
structed as shown by the drawings of Fig. 6. 
There are three soapstone tanks carried by an 
iron frame. Water is admitted to the tanks at 
one end and discharged at the other. The draw- 
ings show all three tanks the same depth, but as 
a matter of fact there are two sets of tanks, 
the topmost tank of one set is 30 ins. deep 
and the others are 6 ins. deep. It may also be 
noted that an instantaneous gas heater fs attached 


chine and a standard Olsen 200,000-Ib. machine. 
The smaller special machine was built by the 
Falkenau-Sinclair Machine Co., of Philadelphia, 
Pa., at the request of Mr. Humphrey, and to meet 
the demand for a cheap and satisfactory compres- 
sion machine. This special machine will cost not 
over $300, and will probably sell for about $200, 
a price which places the possibility of making 
compression tests within the means of a very 
moderately endowed laboratory. 
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per. The other details are clearly show 
drawings. 

The minor apparatus consists of ;: 
needles for setting and consistency test 
Olsen needle and the other a needle impor 
Germany; of a Bauschinger apparatus ¢ 
uring expansion; of standard sieves f,, 
and sand; of a Le Chatelier specific ¢; 
paratus, and of the usual briquette 4 
molds, sample cans, trowels, gloves, et: 

The work being done at the laborat, 
prises a series of tests to determine the ; 
of the personal equation, and a series o° 
determine the relative value of natural sa; 
different sections of the country. These . 
sons will be carried through the whole lis: 
mal commercial tests and a number of 
tests. 

OUTSIDE EXHIBITS.—In the rear of ; 
ment Building are the outside exhibits 
serve to illustrate a few of the many 
which Portland cement is put and some 
methods employed in mixing and molding. 

Reinforced concrete construction is jl|y 
by a cantilever beam-33 ft. long, having 
way suspended to and leading to the top 
beam is of T-section, the flanges forming 
along the top of the beam. The beam has 
load of 200 tbs. per sq. ft., and is designed 
uniform load of 100 Ibs. The beam will be :. 
to destruction towards the close cf the Expos 
The Hennebique Construction Co., of New 
is the exhibitor. 

Adjoining this cantilever is an exhibit «5 
Siegwart hollow reinforced beams, exhibite! 
John E. Olsen, of New York. These beams sre 
cast in a solid mass, the reinforcement an} core 
being placed in position; the concrete is then fille4 
in. When sufficiently hardened the cores are 
withdrawn and the beams feathered apart. 1) {fs 
the intention to carry the beams in stock for 
various floor loads and spans, and when shipped 


to a building they are placed in position anj/ 


grouted together. The beams in the exhibit were 
shipped from New York and so erected. The floor 
is about 2 ft. wide, has a clear span of 17 ft., ani 
is carrying a uniform load of over 200 Ibs. per 


sq. ft. 
The Trussed Concrete Steel Co., of Detroit 
Mich., has made a series of test beams, has 


erected a floor system, being a combination of 


FIG. 3. RIGHT INTERIOR VIEW OF MODEL CEMENT-TESTING LABORATORY. 


For accelerated tests, the apparatus shown by 
the drawings of Fig. 7 is provided. This is a 
steam test apparatus, provided with a constant 
level bottle for maintaining a uniform depth of 
water in the boiler. The test pats are placed on 
a wire rack set on brackets above the water 
level, and the boiler proper is made of sheet cop- 


hollow tile and concrete beams, and also some co!- 
umns supporting a beam, all serving to illustrat» 
the “Kahn System.” The beams will be teste: 
towards the close of the fair. 

The Concrete Steel Engineering Co., of New 
York, exhibit the Thacher floor unit and Visintin 
beams. 
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= . ~ “4” Strips Glued Together THE REDUCTION OF RISK FROM FIRES CAUSED BY 
Recess | SPONTANEOUS COMBUSTION OF SOFT COAL. 
K The publication of an article on Spontaneous 
if | ‘, Combustion in Soft Coal, by Mr. Alfred O. Doane, 
uy: : i in Engineering News of Aug. 18, has brought out 
iy Pian, - mm some pertinent material issued by the Home In- 
| bg tron Rods surance Co., of New York, and prepared by Mr. 
| al F. M. Griswold, General Inspector for that com- 
pany. The interest lies in the educational work 
Section Section in which this and other fire insurance companies 
70". are engaged in an effort to reduce the enormous 
annual fire loss in this country. These compa- 
| MhitePre nies are convinced that much of this waste of cap- 
- - --- 
; = Oak ital is due directly to ignorance and carelessness 
on the part of the public—« thé S pre- 
© Drawer é ig Drawer Back i Guides 
y ~ Dran J 
N Drawer Guide Gude > The bulletin on bituminous coal-fires, sent out 
> | Rod at D. by the Home Insurance Co., is called forth by the 
rent frequency of fires in deposits of bituminous, or 
uy and Washer 38 | Drawer soft coal, generally justly ascribed to spontaneous 
| = 


Front Elevation. 
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Top Removed at C. 
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FIG. 4. DETAILS OF MIXING AND MOLDING TABLE FOR MODEL CEMENT-TESTING 
LABORATORY. 


The Roebling Construction Co., of New York, 
has erected a floor panel between two steel beams, 
which rest on concrete piers, to show their system 
of fireproof flooring. 

The Truss Metal Lath Co., of New York, ex 
hibits a section of partition illustrating the use of 
the Truss metal lath. 

Ornamental work in cement is illustrated by 
the Algonite Stone Co., of St. Louis. The exhibit 
comprises a porch cons'sting of two columns and 
two pilasters, supporting a pediment and roof; 
these pilasters and columns are connected on each 
side of the porch by a balustrade. Several steps 
lead to the porch floor. They also exhibit a 
Corinthian column cap, and a cap for a pilaster 
and other forms of artificial stone work. 

The National Art Stone Co., of Chester, Pa., 
display an ornamental mantel and a column; the 
feature of the exhibit is the extremely low per- 
centage of cement used. Samples are exhibited 
containing only 3, 7 and 10% of cement, and 97%, 
93% and 90% of sand. 

The Art Mosaic Tile Co., of St. Louis, exhibit 
mosaic work in Portland cement; they have a 
fireplace, a kitchen sink and flooring tiles. 

The Vulcanite Paving Co., of Philadelphia, ex- 
hibit a section of granolithic pavement, and a 
section of steel-bound concrete curb. 

Concrete railroad ties are exhibited by Casper 
Buhrer, of Sandusky, O., and Frank Ford, of Al- 
bion, Mich. The former is made of old rails with 
the head embedded in the concrete and with the 
flange up, the latter serving as the bearing and 


The Kielberg pipe, of Danish manufacture 
(made with a hydraulic press), is exhibited by F. 
L. Smidth & Co., of New York City, the American 
agents. A number of these pipe will be tested 
towards the close of the Exposition. The Wilson 
Baillie Co. of Brooklyn, N.Y., exhibit the standard 
egg-shaped sewer-pipe used by the City of Brook- 
lyn. 

Hollow building block machines are exhibited 


by H. S. Palmer, of Washington, D. C., the Cement 


Machinery Co., of Jack- 
son, Mich., and the Bur- of 
lington Block Machine 


combustion. This liability to spontaneous ignition 
and combustion appears to be most marked 
in free-burning, or so-called “high steaming” 
coals, including “gas coal.’"" These coals usually 
contain a large percentage of volatile constitu- 
ents in combination with a modicum of oxygen; 
and the tendency to ignition is particularly a¢- 
gravated when they contain such impurities as 
lignites or sulphur in any form, but especially 
when iron-pyrites, or sulphuret of iron, is pres- 
ent. The dirty, or “mine-run"” coal is the most 
dangerous, as the finer particles, due to disintegra- 
tion, sift to the bottom of the pile and are there 
subject to the effect of pressure and consequent 
heating. 


Co., of Burlington, Ia. 
These machines are in 


FELT CLOTH 


shown. 

Cement brick and ce- 
ment paving tile machines 
are exhibited by A. D. Mackay, of Chicago, Il., 
while cement roofing tile is displayed by the 
American Cement Tile Mfg. Co., of Wampum, 
Pa., Brock Bros., of St. Louis, and Furman Con- 
struction Co., of Detroit, Mich. The Brock tile 
is plain, the American is made corrugated, dia- 
mond-shaped, and in the 4-ft. plain form, while 


the Furman is diamond-shaped. 


The Municipal Engineering & Contracting Co., 
the McKelvey Concrete Mixer Co. of Chicago, 
have exhibits of concrete mixers, and the Con- 


of cement blocks. A two- “Hk 3 
% 

various thickness from 3 

ELEVAT 

ins. and upwards are % SECTION END SEQTION 


FIG. 5. DETAILS OF MOIST CLOSET FOR MODEL CEMENT-TESTING 


LABORATORY. 


No entirely satisfactory explanation of the 
spontaneous ignition of bituminous coal has ever 
been formulated. But the best authorities agree 
in the conclusion that the heating can be 
ascribed to chemical changes in the substance, 
resulting from the absorption of oxygen; and that 
this absorptive quality of the carbon constituents 
increases with any rise in temperature in the 
mass; whether this rise is due to chemical action 
resulting from slow oxidation, or to mechanical 
force exerted through pressure, and these condi- 


Steam vents 


Front Elevation. 


meons of holding the rail in place. The Ford tle 
is in two pieces, connected by a rod, insulated at 
‘ne connection, Reinforced concrete fence posts 
are exhibited by H. T. McCarthy, of Detroit, 
Mh. and a reinforced concrete burial vault is 
shown by Geo. A. Rackle & Sons, of Cleveland, O. 


Side Elevation. 


FIG. 6. DETAILS OF IMMERSION TANKS FOR MODEL CEMENT- 
TESTING LABORATORY. 
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FIG. 7. DETAILS OF APPARATUS FOR ACCELERATED TESTS, 


MODEL CEMENT-TESTING LASORATORY. 


tractors Plant Co. of Boston, Mass. The first 
named is a cubical mixer mounted on wheels, and 
is complete with boiler and engine for operating. 
The McKelvey mixer is a hand-driven barrel ma- 
chine, while the Contractors Plant Co.'s is a 
portable gravity mixer. 


tions are considerably stimulated in action by the 
presence of pyrites or moisture. Some authori- 
ties assume that anything in excess of 2%% of 
sulphur, in the pyrites, is indicative of danger in 
respect to heating. 

Practical experience in coal fires due to spon- 
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taneous combustion indicates a varying propen- 
sity to “heat” in the several classes of bitum!n- 
ous coal used in the Eastern and Middle S ates. 
The order of susceptibility in these coals is about 
as follows: Nova Scotia, or Dominion; Pocahon- 
tas, W. Va.; New River, W. Va.; Clearfield, Pa.; 
Berwind-White, Pa.; Pittsburgh, Pa.; George's 
Creek, Md. The last-named coal is limited in vol- 
ume, but no fire properly ascribable to spontan- 
eous combustion has yet been reported for this 
grade of coal. 

The bulletin then gives the following advice as 
gleaned from experience in handling and storing 
soft coal by steam railways, and remarks that the 
observance of these precautions tends to mini- 
mize if not entirely prevent the occurrence of 
self-ignition fires: 

Accumulations of bituminous coal—in any one 
pile, heap, pocket or bunker, should not exceed 
1,500 tons in volume. When more than one such 
pile is necessary, there should be a clear space of 
not less than 5 ft. between the piles; this space 
to be kept absolutely free for complete ventilation 
and the dispersion of occluded gases. No such 
pile, of 1,500 tons or less, should be more than 12 
ft. higher when “trimmed-off.” Where the pile 
is made by dumping from a trestle, the extreme 
height should not exceed 15 ft. at the apex of the 
triangle produced by this method of deposit. 

Where coal is stowed under shelter or inside of 
a structure, most perfect ventilation should be 
secured, to facilitate the escape of gas. 

Wet coal, especially when wetted by snow and 
ice, should be so disposed of as to be used first. 
If stowage is unavoidable, such wet coal should 
form the top of a pile and be spread as thinly as 
possible. 

All bituminous coal piles, large or small, should 
be frequently and regularly “rod-tested,” in order 
to discover any tendency toward dangerous heat- 
ing. The danger line should be set at about 160° 
Fahr.; and where this degree of heat is reached 
piping should be Inserted enclosing a self-register- 
ing thermometer. This precaution will enable 
the owner to take prompt and effective measures 
of relief without wasting time and the unneces- 
sary handling of material to locate the trouble. 

It might be here mentioned that in addition to 
the bulletin quoted above the Home Insurance Co. 
has issued other publications upon similar topics 
and with a like purpose. Noting these by title 
only, we have a careful handbook for special 
agents and inspectors relating to the Compara- 
tive Values of the Details in Buildings of Fire- 
Resisting Design. The others relate to the com- 
parative fire hazard of glass-works, making other 
than plate or window-glass, lumber-drying plants, 
and fertilizer and sulphuric acid works. While 
these publications are primarily intended for the 
use of the company’s inspectors, they contain 
much that is useful to the designer and operator 
of establishments of this character. 


RECENT TESTS OF CENTRIFUGAL MINE VENTILATING 
FANS,* 
By R. V. Norris,+ M. Am. Inst. M. E. 


In a former paper on th's subject,t I summarized Mur- 
gue's theory and experiments, and presented a large num- 
ber of tests of mine-fans, stating some conclusions, “‘more 
or less warranted by the evidence,"’ as to design. capac- 
ity and efficiency. Since that time the very valuable re- 
port of Mr. M. Walton Brown,!| Committee on Mechan- 
ical Ventilators, Institution of Mining Engineers, has ap- 
peared, and I have made additional experiments which 
tend to clear up some points in connection with this 
subject. 

DESIGN AND TESTS OF THE LUKE-FIDLER COL- 
LIERY FAN. 

The Luke-Fidler fan (see Figs. 1, 2 and 3), built to 
replace an old wooden fan at a very fiery colliery, presents 
some peculiarities in design. Being constructed of con- 
crete and iron, it is absolutely fireproof; and, with the 
addition of the large explosion doors over the airshaft, it 
is hoped also explosion proof. The construction of the 
fan permits the changing of the action in a few moments, 
from exhausting to blowing, by merely opening the double 
reversing doors in the air way and raising the movable 
sheet in the chimney (shown by the dotted lines in Figs. 


*A paper read at the Lake Superior meeting of the 
American Institute of Minirg Engineers. 

tChief Ergineer Penna. Coal Co., First National Bank 
Building. Wilkeebarre, Pa. 

tTrans., xx., 637. om 

iTran- actions of the Institution o ning Engin 
(London), vol, xvil., p. 482, and vol. xvili., p. 483, esti 


1 and 2), both being done from the outside without nec- 
essarily stopping the fan or even altering its speed. 

In order to facilitate the reversing and to improve the 
blowing passages, the fan, originally designed as shown 
in Figs. 4 and 5, was turned 30° from the vertical, thus 
giving an inclined chimney-flue, shown in Fig. 1. In all 
other respects it was designed for an exhaust fan which 
is its main work, the blowing feature being intended for 
use only in such emergencies, as mine fires or explosions. 
There being a material difference in the design of an ex- 
haust fan and a blowing fan, no compromise was attempt- 
ed, and high efficiency as a blower was neither expected 
nor attained. 

The general dimensions of the fan are as follows: Diam- 
eter, 18 ft.; width, 7 ft.; double intake, diameter of each 
eye, 9 ft.; 8 blades, 7 ft. by 5.4 ft., of */i,-in. steel, each 


No 19 
on 3 by 4-in. T-iron, with cover-plates oy... 
The entrance doors are of sheet-steel 
reversing doors are 0.25-in. thick stiffeneq 
iron. The engine is a 14 by 36-in. Corliss, di: ‘ : 


ed to the fan shaft. 

SHAPE OF BLADES.—For the purpose of 
the influence of the sbape of the blade tip 
ciency of a fan, the tips were first bent back 
tangent, shown in Fig. 4, and the fan w- 
tested. The blades were then changed by 
tips forward to the radial shown in Fig. 5, a: 
were repeated. 

METHOD OF TESTING.—The methods ado): 
ing and the formulae used in calculation were 
by the English Committee as detailed in its re; : 
that, instead of changing the conditions in th. th 
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General Dimensions 
Pan 18/ Din. Wide Eye 9’ Dia. 


8 Blades 2 Wie" Stee! 
24 Potnted Spiders 

Arms 31g” = Tit 
Casing & Steel 


Section on Line B-B 


Foundation and Walls 3-3-4 Pod. Comes 
Concrete 
Calculated for 125,000 Cu. Ft. 
Air per Min. at 90 Reva 


FIGS. 1 TO 3. FIREPROOF REVERSIBLE VENTILATING FAN AT THE CAMERON AND LUKE- 
FIDLER COLLIERIES OF THE M. R. R. & M. CO., SHAMOKIN, PA. 


stiffened by two 2.5-in. by 2.5-in. by 0.25-in. angles; flat 
arms, 3.5-in. by %-in. (as indicated in Fig. 1), two 4- 
pointed spiders, 4.5 ft. centers, all connected with fitted 
bolts in reamed holes; spiral casing %-in. sheet-steel stif- 
fened with 3-in. by 4-in. T-iron; casing concentric for 45° 
‘from the point of cut-off; balance of spiral calculated for 
125,000 cu. ft. of air at 90 rev. per min., by the formula, 
Q 

DNB 

E =: expansion at cut-off. Q = quantity in cu. ft. per 
min. D == diameter of fan in feet. N == rev.” per min. 
B = breadth of fan-blade in feet. 

The figures obtained by this formula give a velocity of 
air at the cut-off equal to that of the tips of the blades; 
and it has been my practice to add 20% to the value of B 
thus found, in order to allow for the slowing of the air in 
the casing. 

The airshaft, 10 ft. square, is lined with concrete to 
the rock, the explosion doors directly over it open an 
area 11 ft. 3 ins. by 12 ft.; the foundations, lower part of 
casing walls, and floors of the building are of Portland 
cement concrete, in the proportions of 1 of cement, 3 of 
sand, and 6 of broken stone thoroughly mixed and well 
rammed in place. The roof is of */;,.-in. steel supported 


airshaft was tight)y closed and air drawn in throuch the 
explosion doors, the resistance being changed by varying 
the inlet-opening from the full opening of the explosion 
and entrance doors, down to an equivalent orifice of only 
6 sq. ft. 

This method of testing has many advantages over any 
test made directly on the mine, for the reason that it 
avoids all complications and uncertainties due to natural 
ventilation. Any desired condition can be established al- 
most instantaneously, maintained as long as desired, and 
re-established if necessary to verify results. The temper- 
ature and barometric -corrections are simpler. Any fan 
can be tested under identical conditions, without regard 
to its particular mine; and there ig no interference with 
the regular ventilation of the mine. 

The water-gage was taken close to the inlet by means 
of a pipe extending nearly to the outer end of the shaft, 
the end being protected by flannel so as to avoid varia- 
tions due to the impact of the air. The air was necessarily 
measured in the chimney, at the point marked in Fig. 1, 
“plane of air measurement."’ The area of the flue at this 
point was divided by wires into 16 equal rectang!es, and 
the anemometer, mounted on a rod, was held in the center 
of each rectangle for a given interval, usually one min- 


TABLE I.—Tests of 18-Ft. Fireproof Fan at ee Luke-Fidler ramet f of the Mineral Railroad and Mining ©o., 


amokin, Pa., 
é< : | Ther. : les 
Condition of Test. = fg. [Sei g 25/5, = 
BLabe Tips Bent BACK TO TANGENT. 
1 Explosion doors open. Nov. 10. 2.45 128.04 0.5| 61 | 50 29.1 1960 |176,400) 0.70 89.65 6.41 | 66.08 | 24.9 &12 | 
159.62 168, 0.5 | 60 60 |29.18188 | 1912 | 4976 |172,080| 0.66 10.0743) 81.96 | 16.57 | 71.40/ 23.2 | 
“ 4.12) 62.06) 2587 59 | 48 4580 |168,030| 1.09 |0.0744] 61.60 | 20.86 | 56.87 | 36.6 1-21 | 
4 “| 4.42) 29.93) 1917 60 | 48 /29.18) 1191 | 5429 107,190] 1.76 10.0746) 90.97 | 36.02 | 66.95 | 54.3 9 | 
; rd “ | 5.00) 15.62) 1152 |59.62) 68.682!2.000 52 | 45 |29.18/91 5146 | 67,950] 1.96 |0.0758) 18.75 | 21.65 | 43.80 | 49.4 4 
5.09, 6.61) 692 |59.62| 58 | 46 [29.18/90 | 458 | 5090 | 41,257) 2.13 10.0750) 10.86 | 18.81 | 96.16 | 38.2 
7 “ Nov. 11. | 9.40) 41.67) 1711 102,010) 1.063)......| 40 | 40 29 21/78 4128 |126,003| 1.62 /0.0775| $8.64| 17.8 | 39.8 | 44.7 41: 
8 9.45) 41.67] 2091 1.563)... 40 | 40 [29.21/90 | 1885 | 5090 (124,665) 1.57 |0.0776) 88.88 | 30.71 | 67.02 | 44.2 
9.55) 41.67) 2227 |59.62/132,774) 1.98% 42 | 40 |29.22/95 | 1398 | 5872 |126,005| 1.71 10.0774) 87.22 | 40.6 | 77.7 | 52.2 0) | 
10 | |10.05) 61.64) 24%2 |59.62)1 1.188}......| 48 | 41 [29.22/90 | 1598 | 5090 [143.808] 1.19 |0.0771) 51.34 | 26.93 | 69.49 | 38.8 1 | 
ll ‘Beploston and fan doors open. 10. 176.00) 2908 [00.68 178,378 44 | 42 2.19)80 1926 | 5090 |173,375| 0.50 |0.0767| 95.26 | 13.66 | 78.37, 17.4 
| 
Buape Tirs Bent Forwarp To 
12 |Pam closed. Fam. 4. | 2.00) 2.81 10.0888) 0 
18 One explosion door 2.10| 57.0 | 3045 29.7 80%) 2044 1.43 |0.0884} 62.39 | 40.3 [101.7 | 29.6 
My} “ 2.27| 57.0 | 2984 |59, 29.7 | 1958 | 5110 |176,672) 1.53 (0.0832) 57.68 | 48.0 | 99.1 | 43.4 
“77 2.45) 24.0 | 1462 129.7 977 | 5107 | 88,981 2.29 |0.0892) 23.50 | 31.9 | 65.5 | 48.7 1 
“8 3.02/ 12.0 | 963 29.7 (9134) 632 | 5188 | 57,115! 2.32 |0.0828) 15.13 | 23.0 | 48.3 | 47.6 1) 
7 “ 3.13} 6.0! 523 |59. (29.7 192 "| 344 | 5208 | 81.048) 2.46 7.98/128 | 39.3 | 32.6 1° 
3.25; 20.0 | 2376 (29.7 1501 | 5429 |135,345| 2.26 10.0828) 36.30 | 58.1 | 94.5 | 61.5 17 
19/ ° | 30.0 | 2304 29.7 | 1486 | 5429 183,985 2.26 |0.0882) 96.02 | 57.5 | 95.5 | 60.2 1° 
2 | Explosion doors full open, 9.56/110.0 | 8274 (59. 297 (88 | 2245 | 4976 (202,454) 0.97 88.29 | 98.6 | 94.5 | 90.3 
2 4.13/110.0 | 2605 |59. 29.7 | 2175 | 4060 |197,485) @.90 10.0835) 84.28 | 14.1 | 56.1 | 25.6 
2 110.0 | 1617 .7 | 2121 | 2601 | 191,292) 0.96 79.00/ 88 | 17.0 | 22.6 > 
3) « “closed. Jan. 5 10.50) Mine | 95 58. | | | 2:28 | 17.1 | 87.6 | 45.6 
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to the center of the next square, and so on until 
been covered, the total reading for the 16 squares 
sed in determining the average velocity of the air- 


» measurements were checked by the use of two 
eters, either simultaneously, beginning at oppo- 
. or by repeating the measurements. Both ane- 
-s were tested and the proper corrections made to 
‘ings obtained. The details and results of these 
. given in Table I., and the corresponding dia- 
sowing the curves of air delivered, the mechanical 
6 es, and the water gages for varying orifices, with 
's tangential and radial, are’ given in Figs. 7 and 
. the data in Table I., it is apparent that the ra- 


Fig. 4. Modified Guibal Spiral Casing, 18-ft. Ameri- 
can Fan; Blade-tips Bent Backward to Tangent. 


dial tip blades have a very decided advantage in quanti- 
ty of air delivered, in the water gage maintained and in 
efficiency. These results agree with Mr. Murgue’s theo- 
retical investigation. The tangent tip. however, is a 
gufficlently common practice in the anthracite region to 
warrant the experimental investigation. 

The diagrams show clearly the proper capacity of this 
particular fan, and it is interesting to note that the point 
of highest efficiency occurs about at the point where the 
curve of air delivered (called the characteristic curve of 
the fan by the Committee on Mechanical Ventilators) be- 
gins to spring downwards from a straight line. 


COMPARISON OF RESULTS. 


In order to ascertain whether this result was accidental, 
or was characteristic of Guibal fans, I have plotted the 
curves of other fans in the diagram, Fig. 9, using the 
tests of the Committee on Mechanical Ventilators as well 
as a few from my former paper, adding aiso the curves 
of the Scheile, Waddle and Capell fans from the same 
sources. This diagram shows that each size and type of 
fan has its own characteristic curve, but that all fans of 
the same type, on mines of the same resistance, give 
practically the same quantity of air up to the capacity of 
each fan, when the peripheral speed of tips of blades is the 
same. Up to 45 sq. ft. equivalent orifice the curves of all 
the Guibal fans practically coincide; at this point the 
curve of the 18-ft. fam begins to deflect downwards, and, 


as the equivalent orifice is enlarged, the curves of the 
larger fang likewise drop. 

The curves of the other three types of fans follow the 
same law, but unfortunately the available tests on vary- 
ing sizes are too few to extend the curves in detail. 

, By comparing the efficiencies with the characteristic 
curves, three results are noteworthy, namely—1l. Each 
size of fan reaches its best mechanical efficiency at about 
the point where its curve begins to vary from a straight 
line. 2. Each size of fan is at its best on mines of a 
certain equivalent orifice which for the highest efficiency 
can vary only within rather narrow limits. 3. The me- 
chanical efficiency is poor, with fans too large for their 
mines as well as for those too small. These results show 


Fig. 5. Modified Guibal Spiral Casing, 18-ft. Ameri- 
can Fan; Blade-tips Bent Forward to Radial. 


conclusively the absolute necessity of designing a fan 
with reference to its proposed work, and the futility of at- 
tempting to use a standard size or design of fan for dif- 
ferent mines, 


The curves of water gage (see Fig. 10), also, show that 
the depression of the same fan varies with different re- 
sistances, and illustrates the usefulness of the old term 
“manometric efficiency’’ which, in the case of the Fid- 
ler fan, varies from 73% at 8 eq. ft. to only 30% at 83 
sq. ft. equivalent orifice. It is noticeable, however, that 
the fans with large spirals maintain a higher depression 
up to their capacity than do the English fans, and that 
the depression curves flatten and hold up better as the 
diameter of the fan increases. 


It is also noticeable that the curves of each size of 
American fans lie above those of similar sizes of English 
ones. This result is probably due to two causes, 1, the 
shape of the casing. the English being constructed on 
Guibal’s original lines, Fig. 6, with a close casing for 
about two-thirds of their circumference and a contracted 
outlet, and the American fans, Figs. 4 and 5, with spirals 
starting near the cut-off and expanding all around to 
the chimney; and, 2, the great variation in size of eye 
as compared with the diameter of the fan, the English 
fans having eyes rather less than one-third the diameter, 
while those of the American fans are at least one-half. 

It is probably unfair to the Capell fan to include these 
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“IG. 7, DIAGRAM OF AIR DELIVERY AND MECHANICAL EFFICIENCY OF MINE FANS PLOTTED 
FROM RESULTS OF TESTS GIVEN IN TABLE I. 


old tests in the diagrams, especially as it is essentially 
a high-speed fan, and most of the tests available had to 
be reduced from periphery speeds of 7,000 ft. and up- 
wards per min., but, as a request to the American agent 
of this fan for further data has met with no response, the 
old figures are given for what they are worth. It is in- 
teresting, however, to note that its characteristic curve, 
when reduced to the same speed, falls between those of 
the Guibal, and those of the Schiele and Waddle types. 
The only available test of the new Sirocco fan is one 
made on a mine having 56 sq. ft. equivalent orifice, 
which shows that this 6.25-ft. fan gave about the same 
quantity of air as the larger Guibal fans; unfortunately, 
no figures of efficiency of the Sirocco fan are available. 


Fig. 6. Guibal Spiral Casing of a 36-ft. English Fan. 


In view of the further data now given, the unsatisfac- 
tory conclusions of my former paper should be revised; 
and the following are presented in their place. 

1. INFLUENCE OF RESISTANCE OF MINE (EQUIV- 
ALENT ORIFICE) ON FAN.—The quantity of air deliv- 
ered by any fan at a given speed is practically propor- 
tional to the equivalent orifice of the mine, up to the 
proper capacity of the fan; beyond this capacity the 
proportion rapidly decreases, as shown by the charac- 
teristic curves, tests 1 and 2. 

The highest mechanical efficiency of any fan is reached 
with a mine which permits it to work at or near its 
proper capacity. 

2. INFLUENCE OF THE DIAMETER OF A FAN ON 
ITS PERFORMANCE.—The proper capacity of a fan is 
largely dependent upon its diameter, hence the size should 
be determined with reference to the resistance of the mine 
upon which it is to work; the efficiency of any fan de- 
pending largely upon its working at or near its proper 
capacity. 

3. INFLUENCE OF THE WIDTH OF A FAN UPON 
ITS PERFORMANCDB.—Very little experimental data is 
available on this point, but it seems reasonable to believe 
that the cylindrical inner surface of the blades should 
be approximately equal to the clear area of the inlet eye 
or eyes. The fan, 20 ft. in diameter and 12 ft. wide, re- 
ferred to in my earlier paper, was tried and proved a 
comparative failure; both the quantity of air delivered 
and the efficiency were low, due probably to its excessive 
width in comparison with its area of intake. 

4. INFLUENCE OF SHAPE OF BLADES OF A FAN 
ON ITS PERFORMANCE.—The conclusive tests of the 
Fidler fan, Fig. 8, prove that the tips of the blades of a 
Guibal fan should be at least radial. No experiments 
are available, however, on blades bent forward beyond 
this point, though it seems reasonable to believe that 
the radial tips are correct. The gain in the quantity of 
air delivered, in mechanical efficiency, and in water gage, 
accomplished by changing the blade tips from tangential 
to radial position, is too great to have been the result of 
any possible error in experiment, evpecially as the tests 
were made by the same observers and apparatus upon the 
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TABLE II. Breccia Tests of Mine Fans on Mines of Varying Resistance. work, the shovels are being equipped y, 


are lights, suspended from light gal). 


| Ther. | ; ; a 
| Gauge. | ‘eter. dis 1e 
Desoription of Pan. lS | carried by a reel mounted on the gal), 
is |< E |E | i < The excavation is, for the most par: 
| 1 | (Great Western Collie | 948) 14,086) 4.085' 0.019] 2.86) 0.70 schist and gneiss, which is overlaid by feat 
| 102.57) 2,4060.06| | 0. 
| Guibel fan, 40 dia, 12 wide | | 806,6,016) 32.043, 1-800 9.001 15.704] | of earth. A typical cross-section show} 
dia intake, 14 ft. | 526 | 6434129 45,565) 1.836 (0.0733 12.7621 .806]102. 84 21.20 ar- 
| Tested June 2, 1889. 18 1.848 10.0785, 51.301 80.86 |146. 12.55.32 | rangement of drill holes may be see), 
5 1.490 |0.073% 103.808 82.69 |161. 72:51 .13 
| 6 | Pelton Colliery | 78,59, 2.82/56 156 129.71 73,520) 1.985 0.0770 6.05 112.72 | 68.87 18.47 
| 7 Guibal fan, % Mf. dia., 546%) “ | 42,917/2.85) 2. 3614/29 36,342) 2.043 0.0770 9.89 19.27 | 68.60 28.09 
dia. single intake, wa 12,177 170,960)3.65| 3.6861 (61 (29.82 '2,791/6,927 127,881) 1.978 0.0707 $4.81 98.34 174.95'56. 2) K-60". —70" » 
9 Test, January 12,243 | 176,104)2.57| (51 1.980 0.0768 42.75 71.33 123.48.57.76, 
0 3,24) | [51% 338) 1.494 10.0779, 70.79 [79.34 184.36 43.03 
| Wh Gronge Colliery : 99.40 25,1501 1.59/91 29.46 621/47 1.977 0.0745, 7.66 | 6.32 | 28.1022. 49) 
| 12 Guibal fan, 3 f. ft. wide; || 1.52/92 29.45 1,57814.481| 71,172) 1.989 10.0743) 19.28 [15.14 | 28.65 52.83 
dia. single 2. 29.60 5244 126,517 1.966 /0.0751| $4.68 61.01 110.46 55.23) 
14} Test, February 2 and 8, 1899. | 29.65 1.928 |0.0754) 41.47 (34.79  67.5751.48 
15 | 1,03644 | 29.20 1.852 0.0742, 45.91 | 8.98 17.66 50.83 
16 180,469/1.12' 0.99/795/79 "29.66 4,766/4,288/214,859 1.598 0.0753) 65.50 (31.04 | 69.08 46.23 
37) fan. 4 dia, wide, intake. 000) 1 495) 127, 2.19 | | 320 (55.35 | 67.44.07 No.3 B 
18) 25,288) .. 3,634)4,967 236,100 1.59 | 75.0 (51.44 | 62.90,81.74) 4 
» 1. 2,904 |5,495'188,670 1.55 -| 52.0 (57.70 |107.10/54.00) “131 
* 1.9%) 4,975)5,060 230,660, 1.98. 6.0 70.62 %.4571.73“ 8 
4,648)5,080 236,690 1.8% | 68.0 6.46 | 9A | | 
| re 2.40)... 5,150)5,500 238,790 2.06 .| 197.40 | 
imi © we « 2 §,687}5,278 171,080) 2.10 |........| 47.0 (62.70 | #2 20/76.20) “UA 
—— - - companying illustration. In some 


4 any influence of the mine. and water gage. ird 
>} The inner edges of the blades should have such an in- The question of the proper speed for each type and size gage, and parallels the side of a cut fo: full 
ais clination as to receive the air without shock. This ef- of fan requires much additional experiment for its proper ‘ength. By the method of blasting em): lit- 
; fect seems to be attained by making the angle between the determination, though it still is probable that for Guibal tle or no rock is thrown upon this tra: Two 
i inside of blades and a tangent to the inner surface the fans, at least, a peripheral speed of from 5,000 to 6,000 rows of drill holes (a row of “lifters” an. row 
Je resultant of the radial speed of the air at this point, and ft. per min. is the best, the proper size of fan being of “breast holes’) are drilled about 18 ft. « th 
| the tangential speed of the inner edges of the blades. adopted to obtain the required air at about that speed, holes in each row being about 4 ft. c. to ‘ie 
ta 5. INFLUENCE OF THE SHAPE OF THE SPIRAL 44d more than one fan used if necessary for this purpose. rows of vertical holes about 7 ft. apart (1) 
CASING OF A FAN ON ITS PERFORMANCE.—This in- It is hoped that this present paper may awaken inter- in each row being from 5 to 7 f ‘ eis 
, fluence is considerable, the large casing, Figs. 4 and 5, est in this much-neglected subject, as only by the co- drilled e oes to race 
: not only giving higher efficiencies than the close casing, Operation of many engineers can sufficient data be accum- - parallel with the side face. This side face 
i Fig. 6, but higher water gage and larger volumes of air Ulated to settle the many vexed questions pertaining to 8 Shown in the sketch, does not break out verti 
under the same conditions; the American Guibal 25-ft. the design of a ventilating fan. This desired result may Cally, but has a slope of from % to 1, to * to 1. y 
fan being nearly equal, in the quantity of air, to the En- best be accomplished by the publication of the character- The bench and neck holes are “sprun; or q 


same fan changed only in this particular, and free. from 


glish 36-ft., and the American 35-ft. fan to the English 
40-ft. The American fans are also superior in the water 
gage maintained. 

The spiral casing for any fan should be designed with 
reference to its expected work. 

6. INFLUENCE OF THE DIAMETER OF INLET EYE 
OF A FAN ON ITS PERFORMANCE.—This influence may 
be considerable, and with the casing it may be taken as 
a reason for the superiority of the American type. Ex- 
perimental data on this subject are woefully lacking, but 
it seems probable that the ratio of the diameter of inlet 
to the diameter of fan should vary with the proposed 
work. Fans with large inlets may probably prove suit- 
able for large quantities of air and low water gages, and 
those with relatively small inlets for the reverse condi- 
tions. Relatively large inlets would certainly decrease the 
interval resistance of a fan and thereby increase its 
proper capacity. 

7. INFLUENCE OF THE SPEED OF A FAN UPON 
ITS PERFORMANCE.—An analysis of many experiments 
shows, that while the air delivered by any fan is prac- 
tically directly proportional to its speed and that the 
water gage given with the same equivalent orifice is pro- 
portional to the square of the speed, the mechanical effi- 
ciency is much affected by the speed at which a fan is 
run. Tests Nos. 20, 21 and 22 of the Fidler fan, and No. 


verify experimentally the laws relating to air delivery 


istic efficiency and water gage curves of various sizes and 
designs of fans, so that, from the whole, it may be pos- 
sible, eventually, to select a fan best suited to the partic- 
ular conditions under which it is required to operate. 


PROGRESS OF THE EXCAVATION WORK AT THEN. Y. 
CENTRAL & HUDSON RIVER R. R. TERMINAL. 


Excavation work has been in progress for 13 
months on the N. Y. C. & H. R. R. R. terminal in 
New York City. ‘The contract involves the excava- 
tion of about one and a half million cubic yards of 
rock and earth, of which only about a quarter of 4 
million yards have thus far been taken out. The 
great bulk of the material has been loaded into 
cars with steam shovels, of which there are three, 
two Marion and one Bucyrus. One shovel works 
two shifts daily, but the other two shovels work 
only day shifts. They are idle fully half of the 
working time waiting for cars, the enormous 
traffic of the two railways entering the New York 
station being such as to cause many delays in the 
moving of work trains. To facilitate night 


the 
working face is considerably higher tha : 


The spoil track shown in the sketch is 


“squibbed out” at the bottom by small bli<is. s, 
as to make chambers in which large © \)irges 
of explosives may be placed. All the holes 
are charged with Joveite, of a grade equivalent 
to 60 per cent. dynamite, and are fired jn 
small groups for a distance of several hundred 
feet in advance of the shovel. The explosion lifts 
the whole mass several feet into the air without 
hurling the fragments, and effectively shatters the 
rock. This mica-schist is an exceedingly tough 
rock, having a tendency to break out in long slabs, 
for which reason steam shovels with very large 
buckets are advisable. Two of the shovels are 
7U-ton, provided with 24%4-yd. buckets; the third, 
a Marion shovel, model 91, weighs 95 tons and has 
a 5%-yd. bucket. To show what a shovel of this 
capacity can do on a short unobstructed run, even 
with very large slabs of rock, it is noteworthy that 
a flat car (with sideboards) was loaded in 12 
minutes. Another car was loaded in 20 minutes, 
but there were many delays due to chaining out 
very large stones, to the breaking of sideboards 
on the car, etc. One of the small shovels working 


18A to 13J of the South West Coal & Coke Co. fan, show Ps in rock broken up smaller, loaded two cars in 4) 
clearly the variation in efficiency due to speed, and also a minutes. Each of these cars holds about 13 cu. 
a yds. of solid rock on the average. 
000 —— Tal? Due to the delays in getting cars, the average 
— — Guibal Nos 1 to8 output of the three shovels working two shifts 
daily is only about 1,000 cu. yds. per 24-hour day. 
The cars are unloaded with a plow. It is inter- 
me "A 4 esting note that the large dump cars at first 
used on this work have been abandoned, 
Capel ALLE. because the biggest slabs of rock would not pass 
200,000 through the doors in dumping, and also because 
A. SA the dumped material blocked the rails more 

Besides the excavation work going on in the 
267 east side of the yards, there are several large 
i < ex al gangs of men engaged along the main tracks, ¢x- 

cavating trenches and underpinning buil iings 
60,000 80 = 20 td 4 
| » 3 os 
0 
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FIG. 9. CURVES OF TESTS OF MINE FANS FROM VARIOUS SOURCES. 


Fig. 10. Air PreSsuve Curves of Various F. 
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“‘o'Rourke Engineering Construction Co., of 
~ york, have the contract for this terminal . 
Mr. A. B. Corthell is Terminal Engineer, 
tr. F. C. Shepherd is First Assistant En- 


yy. SEW WATER TANK AND SUPPORTING TOWER 


FOR EAST PROVIDENCE, R. 1.* 
By F. M. Bowman,{ M. Am. Soc. M. E. 


ng the autumn of this year (1904) the East 
P ‘ence Water Co. completed its new water 
nd tower at East Providence, R. L, and as 
tl -ructure is in several respects the largest of 
.. ye, a description of it in detail will no doubt 


be of interest. 


. tower is 135 ft. high from base of column 


q | excavated material is loaded by hand into 
and hoisted with derricks and locomotive 


to base of tank, and the tank is 50 ft. in diameter 


hy 7) ft. high, with a capacity of 1,000,000 gallons. 
yhe height from the base is therefore 205 ft. for 
a r pressure, and the total height to the top 


of the finial is 234 ft. The structure makes a 
Outlet 
Pipe 
E 
ran 
q 
Cc D 
Sectional Plan A-B 
Inlet 
= 
) 
| 
== 
es 
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ater reservoir and fire protection for East Provi- 
‘ence and Riverside, R. I., it being located on an 
‘evated point about half way between the two 


“A paper read before the New England Water-Works 
Association, Nov. 9, 1904 


Structural Engineer, Riter-Conley Manufacturing Co., 
© Water St, Pittsburg, Pa, 
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FIG. 2. PLAN AND SECTION OF CONCRETE TANK PLATFORM, EAST PROVIDENCE WATER 
TOWER. 


places; the pumping station, however, being lo- 
cated some three miles from the site. 

For ten years previous to the completion of this 
structure these cities were supplied with water 
direct from the pumps, there being no reservoir 
of any kind.* The pressure now obtained is great 
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PLAN AND ELEVATIONS OF WATER TOWER FOR THE EAST PROVIDENCE WATER 
CO., EAST PROVIDENCE, R. I. 


and the residents find it necessary to look care- 
fully to their plumbing. 


(*A stand-pipe 40 ft. in diameter and 125 ft. high was 
formerly in use here. On Sept. 7, 1893, the upper portion of 
the stand-pipe was blown in, and on Jan. 19, 1894, the 
stand-pipe collapsed. See Eng. News, Sept. 14 and 21, 
1903, and Jan. 25, Feb. 8 and 22, March 1 and 8, 1804. 
—E4d 


Referring to the details of design (Figs. 1, 3, 5 
and 8), it is to be noted that the tower has four 
center and eight outside columns. Most of the 
direct load is carried on the four center columns, 
each column carrying, approximately, 700 tons. 
The location is such that the foundations are car- 
ried to solid rock, making ideal construction. The 
foundations are of concrete, except that a granite 
cap stone in one piece is used under each of the 
twelve columns, this cap stone in the case of each 
center column being 3 x 6% x 6% ft., weighing 11 
tons. The lower section of this column weighs 12 
tons, exclusive of the cast-iron base (see Fig. 4 for 
base), and consists of two 15 x %-in. web plates, 
four 6 x 6 x 11-16-in. flange angles and four 24 x 
11-16-in. cover plates. 

The wind pressure was figured at 50 lbs. per sq. 
ft. of exposed surface for the tower, and in the 
case of the tank the pressure was assumed as two- 
thirds of this load on the diametrical area instead 
of the usual one-half. The horizontal wind 
strains from the tank are carried almost entirely 
by the eight outside columns, the columns acting 
as the top and bottom chord of the cantilever 
girder with panel points at every third horizontal 
strut, the cantilever being fixed to the ground by 
the anchor bolts. 

The fioorbeams for the platform (Fig. 2) are 
12-in. I-beams, carried on box girders spaced 
about 9 ft. c. to c., these in turn being carried on 
pin-connected girders; the load from the box 
girders being transmitted by direct bearing to the 
center post of the pin-connected girders. The 
platform itself is made of concrete 16 ins. thick, 
this making the bottom of the tank frost proof 
and protecting the lower surface of the same from 
rust. The concrete is carried to the hand railing 
along the edge of the platform and forms a foot- 
walk around the tank. 

The bottom of the tank is %-in. steel plate; 
the sides vary in thickness from 15-16-in. for the 
bottom ring to %-in. for the top ring. The hori- 
zontal seams are lap joints with two rows of 
rivets %-in. in diameter for the lower rings. The 
upper seams have one row of rivets only, with 
%-in. rivets. The vertical seams are butt joints 
for the lower eight courses and lap for the upper 
six. The butt joints have two splice plates, the 
inner one about twice as wide as the outer to in- 
crease the percentage efficiency of the joint. The 
diameters of rivets vary from 1 in. for the lower 
ring to %-in. at the top. The tank is anchored 


to the tower with eight bolts 2 ins. in diameter, 
connected to the lower course of side plates and 
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to the web plates of the supporting girders 
(Fig. 6). 

A balcony is provided around the side at the 
top of the tank. An opening 30 ins. deep is al- 
lowed between the top of the shell and the roof 
line for ventilation, the opening being covered 
with a heavy wire screen. The roof (see Fig. 8) 
consists of %-in. plates, riveted together and sup- 
ported on steel trusses, the finial being a 24-in. 
copper ball. 

The inlet and outlet pipes are 14% ins. inside 
diameter steel pipe, supported on a suitable foun- 
dation in a pit where the gate valve is located; 
they are attached to the tower by steel ties at the 
cross struts and a slip expansion joint is provided 
at the top section. Steel flanges are used for 
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Fig. 3. Bottom Sections of Inside Columns, East 
Providence Water Tower. 


pipe connections, and the pipe is covered with 3 
ins. of asbestos, the asbestos being in turn pro- 
tected by a sheet metal cylinder %-in. thick, made 
in two halves, with flanges projecting outward for 
bolting the sections together. 

Stairs 30 ins. wide are furnished to the base of 
the tank; the tank is provided with a vertical 
ladder 15 ins. wide, with a balcony half way up 
the tank as a rest. A separate stair is also pro- 
vided to the manhole in the bottom of the tank, 
this manhole, 16 ins. in diameter, being for ingress 
and egress to the inside of the tank for cleaning 
and painting. 

The material of the tower is medium and that 
of the tank soft open-hearth steel. The structure 
is designed for a factor of safety of four, the ten- 
sion unit strain in the tower being 14.000 Ibs. and 
in the tank 11,000 Ibs. per sq. in. The pressure o1 
the column bases on the granite caps does not ex- 
ceed 400 Ibs., and that of the granite on the con- 
crete 250 Ibs. per sq. in. 

The erection had to be carried on carefully, due 
to the great height and prevalent high winds, and 


the work was slow and expensive for these reasons 
and because it was impossible to carry on the 
raising of material and the driving of rivets at the 
same time. The raising of material had to be 
abandoned when the riveting was in progress, as 
otherwise the riveters were liable to accident and 
injury. The work was carried on under the su- 
pervision of the engineers of the East Providence 
Water Co., Messrs. Bushnell and Wood. The 
Riter-Conley Mfg. Co., Pittsburg, Pa., were the 
contractors. 


PROGRESS OF THE EXCAVATION WORK FOR THE 
PENNSYLVANIA R. R. TERMINAL IN N. Y. CITY. 


The excavation for the site of the Pennsylvania 
R. R. station, between Seventh ahd Ninth 
Avenues, from Thirty-first to Thirty-third Streets, 
is now in full swing. About one and three-quarter 
million cubic yards of earth and rock must be 
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Fig. 5. Top Sections of Inside Columns, East Provi- 
dence Water Tower. 


removed, and approximately 10 per cent. of this 
yardage has already been taken out, the greater 
portion of the excavation, thus far, being earth. 
Three steam shovels are engaged in loading dump 
wagons, for, up to the present, it has been im- 
possible to install tracks for conveying the mate- 
rial to the dock; but within the next six or eight 
weeks it is hoped to have a dock prepared and 
track laid to it. This track will pass underneath 
Ninth Avenue, and down Thirty-second Street, 
crossing the other avenues on a trestle that will 
be built to the water front.* 

The site for the compressed air plant is being 
rapidly excavated in rock at Ninth Avenue. At 
present the drills are operated by steam. In this 
connection ft is interesting to note that the work 
done by each steam drill has been greatly increased 
by the simple expedient of measuring the number 
of feet drilled daily by each machine. It is the sole 
duty of one man to keep a record of the work done 
by each driller. Before this method of individual 


*See Engineering News, June 2, 1 for plans show- 
ing location and character of this YG 


record keeping was adopted, the drj)). 
about 38 ft. of hole per 8-hour day per 
the average is close to 57 ft. per day, - 
increased efficiency approximating 5\) 
The drills are 35-in. Rand drills, and :: 


depth of holes has been approximately = 
rock is gneiss and mica schist usually roar 
but occasionally “rotten” in spots, ca Kaci 


delays, due to the sticking of bits. A 
broken cast-iron (size of walnuts) thr. e 
drill hole usually stops —o 
the sticking of bits. Of 
course the bit is re- 
moved before applying 
the cast-iron remedy. 

As above stated, 
dump wagons are used 
to convey the earth to 
the dock, which is 
nearly a mile distant. 
These dump wagons 
average about 2 cu. 
yds. of earth, place 
measure, per _ load, 
holding, as they do, 
one full 2% cu. yd. 
bucket of loose earth. 
Plank roads have been 
laid in the pit, but so 
much earth falls from 
the wagons upon the 
plank that three-horse 
snatch teams are need- 
ed to pull the loaded 
wagons away from the 
shovels and out to the 
street. 

One more point re- 
garding the_ shovel 
work is worthy of at- 
tention. When a shov- 
el reaches the end of 
its run, it must, of _. 
course, be shifted back 
to start a new swath or wer 
slice. At first this shift- iganes 
ing was done in the usual manner by using short 
5 ft. lengths of track, carried from the rear to 
the front of the shovel as it progressed. In this 
way, a night shift of seven or eight hours was re- 
quired to move about 700 ft. By the method now 
employed a shovel is moved 700 ft. in two hours, 
This method consists simply in having a track 
laid the full length of the cut, so that, after shift- 
ing the shovel on to this track, it travels rapidly 
back to the starting point, losing in all not over 
two hours of working time. 

While the work is progressing at good rate now, 
obviously it will be facilitated when cars replace 
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Fig. 4. Cast-Steel Column Bases, East Prov 
Water Tower. 


wagons for conveying the material, and ‘1.\s |s 
particularly true of the rock part of the ex 4v3- 
tion 

The contractors for this work are the New York 
Contracting & Trucking Co., whose chief en, nee: 
is Mr. R. G. Collins. , 
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THE WASHINGTON TERMINAL IMPROVEMENTS OF THE 
BALTIMORE & OHIO AND THE PENNSYLVANIA 
RAILWAYS. 

By W. F. Strouse.* 
After years of study on the various schemes for 
the elimination of grade crossings, in the City of 

Washington, a plan has been decided upon, along 
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Fig. 7. View of East Providence Water Tank and 
Tower. 


the lines of which construction is well under way. 

In February, 1901, Congress passed two acts 
which were supposed to be the final solution of the 
railroad problem in Washington. One authorized 
the construction of a new freight and passenger 
terminal for the Baltimore & Ohio R. R. at Dela- 
ware Ave. and C St., N. E., while the other au- 
thorized the enlargement of the present terminal 
of the Pennsylvania R. R. at 6th and B Sts., N. 
W., and provided for the correction of alinement 
on Virginia Ave. 

Soon after the passage of the above acts, the 
American Institute of Architects appointed a 
commission to prepare a plan for beautifying and 
developing the City of Washington and its out- 
lying parks. This commission consisted of Messrs. 
D. H. Burnham, C. F. McKim, Augustus St. Gau- 
dens and Fred. Law Olmsted, Jr. Its work was 
barely begun before it became evident that a 
proper treatment of the park system required the 
removal of railway tracks and stations from the 
sites authorized by Congress. The site upon which 
the Baltimore & Ohio R. R. Co. was authorized to 
erect its terminal placed a busy commercial center 
within a square of the Capitol grounds, while the 
Pennsylvania R. R. Co.’s occupation of the Mall 
forever blocked any adequate treatment between 
the Monument and the Capitol. 


*Assietant Engineer Washi 
ington, D. C.- In charge 
improvement. 


m Terminal Co., Wash- 
of B. & O. R. R. Co.’s portion of 


These facts led to the introduction of a bill pro- 
viding for the erection of a Union Station, of 
monumental design, and the construction of the 
necessary approaches to it. This bill, embodying 
most of the provisions contained in the acts of 
19V1, but so modified as to meet the requirements 
of the two companies interested, was passed in 
February, 1903. 


APPROACHES TO STATION.—The site se- 
lected for the terminal depot was the low section 
of ground at the intersection of Massachusetts and 
Delaware Aves., the average elevation of which 
was about 22 ft. above mean tide. 


The northern approach selected was that de- 
cided upon by the Baltimore & Ohio Co., under the 
act of 1901, which occupied the bed of Delaware 
Ave. to Florida Ave., at which point the Washing- 
ton Branch connection curved to the right, occupy- 
ing a line parallel to New York Ave. and 100 ft. 
northwest of it; while the Metropolitan Branch 
connection continued in a northerly direction to a 
connection near South Brookland. From the junc- 
tion with the Washington Branch, near Winthrop 
Heights, the line of the Pennsylvania continues in 
an easterly direction to a connection with its pres- 
ent line at Magruder. It will be observed from 
the general plan, Fig. 1, that this will require the 
abandonment of the present Washington Branch 
to a point near Langdon, and the Metropolitan 
Branch to South Brookland, a distance of about 
three miles in each case. 


The southern approach will be through a tunnel 
under Ist St., east, between the Capitol and the 
Congressional Library to New Jersey Ave. anda 
D St., S. E., and thence by open cut and viaduct 
southwesterly to a connection with the present 
Pennsylvania line on Virginia Ave. near Second 
St., west. 


STATION PLANS.—The elevation of the floor . 


of the station was fixed at 58 ft. above mean tile. 
This involved some serious changes in street 
grades. To simplify to some extent these changes, 
a grand plaza, 500 ft. wide by about 1,000 ft. long, 
decorated with balustrades, terraces and foun- 
tains, will be formed in front of the building. 
Into this space will lead nine separate and distinct 
streets, three of which are new and two of which 
are old streets modified better to fit the plaza 
scheme. To form the plaza and bring the streets 
to the proposed new level will require about 750,- 
000 cu. yds. of earth; the fill over a considerable 
area being 35 ft. deep. 

Through these radiating streets and avenues 
large crowds of people can leave or enter the sta- 
tion without difficulty, while the plaza will pro- 
vide ample space for massing troops and specta- 


S 


tors for such public ceremonials as take place at 
the Nation's Capitol. 

The station faces toward the dome of the Capi- 
tol, less than half a mile distant, and its archi- 
tectural treatment is in keeping with its character 
as the vestibule of the Capitol. As so many of the 
public buildings of Washington have taken their 
architectural inspiration from Greece and Rome, 
a freely interpreted classic may be said to have 
become the recognized architecture for the public 
buildings of Washington. Taking this view of the 
function of the Union Station as the one gateway 
of the Capitol, its architectural motives have been 
drawn from the triumphal arches of Rome. 

The head house, shown in plan by Fig. 2, is 620 
ft. long and from 65 to 120 ft. in height, and is 
being built of white granite. The three entrance 
arches, 50 ft. in height and 30 ft. in width, far ex- 
ceed in scale their Roman prototypes. These cen- 
tral doorways lead into a vaulted open-air vesti- 
bule and thence into the main waiting room. At 
the end pavilions there are 40-ft. arch carriage 
entrances, the east one leading to a suite of apart- 
ments for thé president and guests of the Nation; 
the west one leading to a general carriage porch 
near the ticket and baggage lobby. The central 
vestibule and the end pavilions are connected by 
an open-air portico, which, with the vestibule, 
constitute a continuous covered porch along the 
front of the entire building. 

The general waiting room, 130 ft. wide by 220 
ft. long, is covered by a Roman barrel vault, 99 ft. 
high, decorated with sunken coffers or panels 
after the manner of the bath of Diocletian It is 
lighted by a semicircular window 75 ft. in diam- 
eter at each end, and by five semicircular windows 
of 30 ft. diameter on each side. At the east end 
of this hall are grouped the dining room, lunch 
room and women’s waiting room; at the west end, 
on opposite sides of a lobby 50 ft. wide, are 
located the ticket offices and baggage checking 
room, adjacent to which are the smoking room 
and package room; while telephone and telegraph 
booths will be located within the limits of the 
general waiting room. The baggage room is lo- 
cated in the basement, access to which will be had 
at the west side of the station. To avoid conflict 
between passengers and baggage on train plat- 
forms, certain platforms are set aside exclusively 
for baggage. 

The passenger concourse or lobby is 130 ft. wide 
by 760 ft. long, covered by an arched ceiling in a 
single span decorated with panels, part of which 
will transmit the light. This space far exceeds 
in size anything ever built for a similar purpose. 
The concourse is divided by the usual fence, al- 
lowing a width of about 80 ft. for handling out- 
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FIG. 8. VIEW SHOWING DETAILS OF BASE OF EAST PROVIDENCE WATER TOWER. 
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going passengers, while the remaining 50 ft. be- 
tween the fence and ends of tracks will suffice for 
handling passengers arriving on trains. 
The width of the train yard is 760 ft., one-half 
of which is located on either side of the center 
line of Delaware Ave., which was taken as the 
axis“of the terminal. Of this width, the east 280 
ft. will be used to accommodate the business 
handled over the southern connection, via the tun- 
nel under First St., the plaza and the station. The 
remaining 480 ft., which will be on a higher level, 
will have tracks arranged for handling the busi- 


to their new lecation, the passenger tracks were 
thrown to the west side of the terminal to permit, 
so far as possible, the completion of masonry and 
filling within the terminal limits. This also made 
it possible to depress H St., which was crossed 
by both the Washington and Metropolitan Branch 
tracks, about 250 ft. apart, and occupied by a 
double track underground trolley line. 

Attention having been called to the surface ob- 
stacles, we must not overlook those beneath the 
surface. A plan of the underground construction 
shows trunk line sewers and drains, gas mains 
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FIG. 1. SKETCH MAP SHOWING UNION RAILWAY TERMINAL IMPROVEMENTS AT 
» WASHINGTON, D. C. 


ness of both companies between Washington and 
New York, and the business of the Baltimore & 
Ohio R. R. Co. between Washington and points 
West. 

PREPARING THE SITE.—On the date of the 
passage of the Union Station Act, the space which 
will be occupied by the terminal was covered with 
dwellings, warehouses, coal yards, freight yards 
and sheds and the main tracks and sidings of the 
Baltimere & Ohie R. R. Co.’s Washington and 
Metrepolitan Branches. Within eight or ten 
months after the passage of the act, all buildings 
were removed preparatory to starting construc- 
tion. The coal and freight yards could not be-re- 
moved until facilities had been provided elsewhere 
for this branch of the business, which was no 
small task. 

With the removal of the coal and freight yards 


and service pipes, water mains and service pipes, 
electric conduits fer light, power, telephone and 
telegraph wires; all of which interfered with the 
progress of the work. A 9-ft. 6-im. trunk line 
sewer on F St. ran diagonally across the station 
site. \Its removal required the construction of a 
new sewer about 1,400 ft. long. An intercepting 
sewer was constructed outside the éast termina) 
wall between H and F streets, while new sewers 
and drains were censtructed on all streets whose 
grades were materially ehanged. . 

The most serious underground obstruction, how- 
ever, was a 15-ft. x 17%4-ft. trunk line sewer on 
Florida Ave. When the new grade of this.avenue 
was arranged it was feund that the crown of this 
sewer would come above the proposed surface of 
this street. To avoid reconstructing this sewer, 
the grade of the terminal tracks from K St. north- 


ward was increased from 0.90 to 0.95 and a « 
low system of bridge construction adopted 
carrying the tracks over Florida Ave. 

South of F St. a 3-ft. brick sewer in the pb. 
First St. had to be rebuilt, between F an 
streets, N. E., for a distance of 700 ft., on acc 
of the construction of First St. Tunnel; and a | 
6-in. sewer on D St., S. E., had to be reby! 
distance of 400 ft. to pass under the tunne! at : 
point. A 24-in. gas main on F and First str. 
required a relocation of about 4,200 ft., while a 
in. main on G St. required a change of about ° 
ft. All the service pipes on depressed str: 
were disturbed, Thechange in gas pipes south 
the Terminal Station, outside of First St., ab. 
mentioned, were of little consequence. A 24 
water main on K St. had to be lowered, betw 
First and Third streets, about 13 ft. at the a. 
est point. 

DIVISION OF CONSTRUCTION WORK.—} 
purposes of constrction, Massachusetts Ave. » 
made the dividing line, the Pennsylvania R. 
taking charge of all work south, the Baltimor. 
Ohio R. R. all work north, except the Penns 
vania R. R. connection between Winthrop 
and Magruder. 

On June 4, 1908, the Baltimore & Ohio © 
awarded Stewart & Wilmoth the contract { 
grading the coal yard site, estimated to requ’ 
the removal of 100,000 cu yds. of material; a: 
the bulk freight yard, at New York ani 
Florida avenues, estimated at 50,000 cu. yds. 0» 
July 21, 1903, the contract for the graduation an) 
masonry of the northern approach was let to Mc- 
Mullen & McDermott, and the Hoffman Engineer 
ing & Contracting Co The estimated quantitics 
of this contract were: Excavation, 2,600,000 cu. 
yds., and masonry, 100,000 cu. yds. On Oct. 1), 
1903, the contract for the construction of the Ter 
minal Station, covering the foundations and su- 
perstructure, with the exception of the structuri! 
steelwork and interior finish, was let to the 
Thompson-Starrett Co., of New York. On Dec. 10, 
1903, the Pennsylvahia Co. made a contract with 
the New York Continental Jewell Filtration Co., 
covering the construction of the tunnel under 
First St., from D St., N. E., to the south porta! at 
New Jersey Ave. and D St., S. E. 

About 2,250,00Q cubic yards of the excavation 
covered by the McMullen & McDermott and ths 
Hoffman Engineering & Contracting Co.’s con- 
tract was located on the space to be occupied by 
the coach yard, roundhouse and shops, north of 
Florida Ave. About 90% of the masonry is lo- 
cated between Florida Ave. and the station, con- 
sisting of retaining walls on the east and west 
sides of the terminal and between the high and 
low tracks, and abutment walls along the north 
and south lines of all depressed streets. Nearly 
1,000,000 cu. yds. of material will be required to 
fill the space within the limits of the termina! 
property, between Massachusetts Ave. and L St. 
This material can not be deposited in any con- 
siderable quantity until the*masonry walls are 
constructed. This applies as well to the filling 
necessary arotund and between the foundations of 
the station building. An average fill of 20 ft. will 
be required over the entire area occupied by the 
building, to provide a level for the basement floor, 
which is fixed at an elevation of 42 ft. Owing to 
the great height and small sectional area of some 
of the station piers, great care is necessary in 
depositing material to avoid injury to the 
masonry. 

ARRANGEMENT OF STREET CROSSINGS — 
The grade line very closely coincides with the 
original ground line between K St. and Florida 
Ave. To take H, K, L and M streets and Florida 
Ave. under the tracks of the railroads, it was 
necessary to depress them from 11 to 16 ft. below 
the former grades at the deepest points, which, in 
order to avoid excessive grades, required the 
change to extend some distance beyond the lim- 
its of the terminal occupation except at the west 
end of H St. subway. The treatment of avenues 
and streets north of Florida Ave. will be as fol- 
lows: Rhode Island Ave. will be taken under; 
New York Ave., 9th, 12th and 15th streets will be 
taken over, and while it is not definitely decided, 
Montana Ave. will probably be taken over. South 
of the station all streets wi}! be taken over to ard 
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including New Jersey Ave., from which point to 
connection on Virginia Ave. they will be taken 


TEETAINING WALLS.—The east and west re- 
taining walls, defining the terminal limits from 
the depot building to M St., range in height from 
= to 85 ft above the present surface of the ground, 
the greatest height obtained being on the west 
side, just north of the station. All exposed ma- 


essary to provide a pipe and wire subway between 
them. To construct a separate subway between 
these points involved a heavy expenditure, owing 
to the 35-ft. fill above and the bad foundations 
below the present surface. As a matter of econ- 


omy it was decided to build a subway in the re- 
taining wall, through which these pipes and wires 
would be carried. At H St. it was necessary to 
depress the subway so as to pass under the tracks 


be slightly increased, as the beams will lie parallel 
to the tracks. 

In addition to the abutments, these bridges will 
be supported on two lines of columns, which form 
the center span. The superstructure will consist 
of 24-in. I-beams, spaced about 1S ins. centers, em- 
bedded in concrete divided into two sections, Fig. 
5; one extending from 2 ins. below the bottom of 
the beams to the top of the beams, upon which 
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FIG. 2. PLAN OF HEAD-HOUSE AND STATION TRACKS, WASHINGTON UNION TERMINAL STATION. 


sonry on the improvement is being constructed of 
sand stone facing, backed with Portland ce- 
ment concrete, the stonework in all cases being 
carried 12 to 18 ins. below the finished surface. 
All foundations are constructed of Portland ce- 
ment concrete. 

All retaining walls, except the east wall between 
H. and K. streets and the west wall between the 
station concourse and the power house, are of the 
ordinary section and constructed in the usual 
manner, Fig. 3. The east wall, between H and K 
streets, required a special design on account of 
the functions it had to perform. At I St. an en- 
trance to the express building at the track level 
is provided. At H St. there is an entrance to the 
basement of the express building, 18 ft. below. 
The grade of Second St., between these streets, is 
about 4%. The wall was designed for retaining 
wall at I St., while at H. St. it was designed to 


of the underground trolley road, while the pipes 
and wires leading to the express building will be 
located in a smaller subway under the north side- 
walk of H St. 

The pipes will be supported on pipe racks, sus- 
pended from I-beams in the ceilings of the sub- 
ways, while the wires will be carried in conduits, 
along the sides of the subways. 

Considerable attention has been given to the 
question of drainage. Gutters are being con- 
structed in the backs of all street bridge abut- 
ments, with down spouts at intervals, to be con- 
nected with sewers in the streets below. The 
backs of the abutments are being covered with a 
%-in. layer of waterproofing, applied at boiling 
temperature upon a thoroughly dry surface. In 
this way it is believed the masonry will be kept 
dry. 

"BRIDGES OVER STREETS.—The bridges 


FIG. 3. VIEW OF COMPLETED RETAINING WALL, WASHINGTON 
UNION TERMINAL STATION. 


carry the girder work of the upper driveway, and 
is only 3 ft. thick above the foundation. ‘The sec- 
tions between the above points vary to suit the 
conditions, 

The west wall, above excepted, also has a dual 
mission to perform. As the station and heating 
plant are separated by about 1,000 ft. it was nec- 


will be placed a layer of waterproofing %-in. in 
thickness. The other section will consist of re- 
inforced concrete, about 6 ins. thick, placed on 
top of the waterproofing. The introduction of 
metal in the top section of concrete is for the 
purpose of preventing checking and cracking. It 
is thought this will furnish a dry structure, as it 
will be noted that the waterproofing is carried 
down to the gutter above mentioned, thus com- 
pletely covering the top of the bridge and the 
backs of both abutments. 

As the shortest of these bridges wil! carry ten 
tracks, divded into two groups of five each, it Is 
proposed to provide for expansion and contraction 
by introducing vertical joints (Fig. 5) at inter- 
vals of about $0 ft. These joints will be thoroughly 
waterproofed, and to further insure against drip- 
ping to the streets below, additional drainage ap- 
pliances will be provided where necessary. 


FIG. 9. VIEW SHOWING STEAM SHOVELS AT WORK ON 


EXCAVATION FOR PASSENGER YARD. 


which will carry the tracks over the streets are of 
unique construction, Fig. 4. The distance be- 
tween abutments in all cases is 80 ft. at right 
angles to the axis of the street, divided into three 
spans; the center span being 25 ft. and the side 
spans 27 ft. 6 ins. As the tracks will cross the 
streets on a skew of 15° 42’, the above spans will 


As the shortest subway will be about 135 ft. 
long and the longest about 790 ft., it was consid- 
ered necessary to provide some method for light- 
ing these subways (Fig. 6), and some attention 
has also been given to the question of ventilation. 
At Florida Ave. and M St. provision is madé for 
prismatic lights, covering an area of 3 ft. by 80 
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ft. in each case. At L St., where the length is 
somewhat greater, an opening about 10 ft. by 80 
ft. is left about the center of the structure for 
light and ventilation. At K St. an opening is pro- 
vided about 10 ft. by 80 ft., near the center, with 
two prismatic light spaces on each side, 3 ft. by 
80 ft. At H 8t., the longest structure, prismatic 
lights covering an area of 17 ft. by 80 ft. are pro- 


| 
12164 C.t0C.- ---- 12164 Varies 


A pit about 16 ft. wide and 40 ft. long was con- 
structed about 100 ft. from the mixer. Across 
this pit were laid two surface material tracks, 
which extended a sufficient distance beyond the 
pit to provide storage for five or six cars each; 
one track was used for sand and the other for 
crushed stone. Between these tracks was located 
the cement house, with one end extending to 


<42"-> 


weather or any delay on the work, which y. 
bring together more material than could be . 
for within the time limit for releasing the 

the contractors were confronted with demu; 
charges. Owing to the simplicity of the m: 

and consequent cheapness of handling the ;, 
rial, a reasonable amount of demurrage cou. 
afforded. The greatest difficulty was experi: 


be 


bq 
‘Section on Center Line of Street. 


Section on Delaware Ave. 


FIG. 4. SECTIONS SHOWING CONSTRUCTION OF BRIDGES CARRYING TRACKS OVER CROSSING STREETS. 


vided for in the passenger platform to the num- 
ber of nine. Between the high and low levels an 
opening will be left for ventilation. This space 
will be about 3 ft. by 80 ft. It is believed by this 
method that both light and ventilation will be ob- 
tained to such a degree that the objectionable 
features of such structures will be greatly les- 
sened, if not obviated. 

The abutment walls (Fig. 4), constructed for 
carrying the above mentioned bridge superstruc- 
tures, are of the ordinary 
construction, except the 
change in section to pro- 
vide for drainage, and 
the construction of man- 
for power, tele- 
graph, telephone and 
signal conduits, 

WIRE GALLERIES.— 
To provide for all wires 


within a few feet of the pit. The cars containing 
sand and stone were dropped down by gravity to 
a position over the pit. . 

A truck, used for conveying the material to the 
mixer, was first placed under the’ sand car, and 
the proper quantity of sand was dumped direct 
from the car. The truck was then moved to a 
point midway between the tracks, where the ce- 
ment is added. It was then moved under the 
stone car, where the requisite quantity of stone 


between R St. and the 
station, a system of con- 
duits has been arranged 
between the tracks; north 
and east of R St. they 
will be carried on poles. 

The conduits will be laid in concrete cradles, fn 
the usual manner, at all points except through 
the bridges, where they will be placed between the 
I-beams. Owing to the difference in elevation of 
conduits, through the bridges and between them, 
it was necessary to construct manholes in each 
abutment and at intermediate points when block 
distances were excessive. 

To avoid the construction of conduits on filled 
material, as far as possible, it was decided to 
deflect the line of power conduits at the south line 
of K St., carrying it west along the south wall of 
K St. to the west terminal wall and thence along 
the west wall to the power house. Over this por- 
tion of the line the conduits will be laid in the 
concrete backing. From K St. to the station the 
telegraph, telephone and signal wires will be car- 
ried in fiber ducts (except through H St. bridge) 
laid in wooden boxes until settlement has taken 
place, when permanent conduits will be put down. 

RETAINING WALL CONSTRUCTION.—The 
construction of the long retaining and abutment 
walls found on this work brought out methods not 
employed on the average piece of construction. 
The presence of so many railroad tracks and 
yards, located in the very heart of this construc- 
tion, also developed some unusual methods. This 
was true also in connection with the foundation 
construction for the depot building, where so 
many piers of all sizes had to be constructed to 
a height of from 25 to 35 ft. above the ground 
level. 

Preparatory to starting the construction of ma- 
sonry, a large cubical concrete mixer was installed 
near the intersection of the east wall and G St. 


Expansion Joint. 


Detail of Floor System. 


FIG. 5. DETAIL OF SOLID FLOOR CONSTRUCTION FOR 


OVERHEAD BRIDGES. 


was taken direct from the car. The truck was 
then taken up an incline by a cable and automati- 
cally dumped into a large hopper above the mixer, 
after which it returned to the pit, while the mate- 
rial just deposited was dropped into the mixer. 
The water was added by an automatic device, 
which, under normal conditions, gave very uni- 


in mid-winter when the very cold weather set | 
and masonry could not be laid. 

At the mixer installed near the intersection . 
the west wall and G St. the method of handli: ~ 
the material was somewhat different. An e!-- 
vated double track line of bins was constructe} 
one for sand and the other for crushed ston. 
Cars containing these materials were run over th» 
bins, dumped, and the cars released in a few hour: 
after arrival. A cement house was located adj:- 
cent to the bins in which the stone was stored in 
such a position that, to unload the cement fro 
the cars on the bins, the bags were thrown dow) 
a chute through the roof of the house, 

A subway about 6 ft. square was built under 
each line of bins. The, truck used for conveying 
material on returning from the mixer first passei 
through the subway under the sand bins, where 
sufficient sand for a batch was taken from the 
bins by opening an aperture in the bottom by a 
simple lever device. The truck was then movei 
to the outer end of the bins to a transfer table. 
so arranged that its action was practically auto- 
matic. It was then moved laterally to the track 
under the stone bins, where the stone was taken 
in the same manner as the sand above described. 
At the end of the bin near the mixer a hopper 
was arranged into which cement was placed in 
batch quantities. As the truck passed this point 
the cement was added. The truck was then taken 
up an incline by cable and dumped into a hopper 
over the mixer, as above described. The quanti- 
ties of materials were gaged by metal strips riv- 
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FIG. 6. DETAILS OF LIGHTS 


form results. When sufficiently mixed it was 
dumped into one of several forms of buckets, on a 
small truck, and conveyed by horses or mules to 
the point where it was to be used. 

This plan worked satisfactorily as long as the 
shipments of materials and the progress of the 
work ran approximately together. In case of bad 


IN OVERHEAD BRIDGE FLOORS. 


etted to the sides of the trucks, placed in position 
from measurements made by the engineer. 

A Hains’ gravity mixer was installed in the 
bed of L St. The stone and sand used at this 
mixer were taken direct froin drop bottom cars. 
placed in position on a trestle over L St., which 
had previously been depressed to the new grade 
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This material was dumped through the floor of the 
trestle into buckets, in which it was ho‘sted to the 
top platform of the mixer. The cement which 
was housed nearby was taken to the top of the 
mixer in the same manner. 

Another of these mixers was located within the 
‘mits of the station building and used to mix the 
eonerete used in the foundations of this massive 
structure. The method of handling the crushed 
stone in this portion of the work was different 
from any above described. In this case the stone 


backing was rammed in place, in layers about 8 
ins. thick, each course being completed and al- 
lowed to set before another course was started. 
On a work of this size, this method worked well 
and gave the concrete time to get hard before it 
Was necessary to start the next course. 

The forms used in putting up the concrete work 
were of a very simple design. Small iron rods, 
with one end supplied with a nut and the cther 
with a hook about 2 ins. long, were set in the top 
of each course, for the purpose of holding the 


0 6 1000 


FIG. 7. TRACK LAYOUT OF NEW FREIGHT TERMINAL, WASHINGTON, D. C. 
and sand were dumped from cars into bins under 
an elevated trestle. The bottoms of these bins 
were arranged as chutes, which were opened and 
closed by a form of cut-off, raised and lowered by 
hand. Certain bins were used for sand, others for 


stone. These materials were taken™from the 
chutes into buckets, which were hoisted to the top 
of the mixer by derricks. The cement house was 
so located that the bags were run down a chute 
from the cars on the trestle through the roof of 
the house. 

As previously noted, the floor of the station was 
fixed at an elevation of 58 ft. This required the 
construction of foundations, which extend from 
30 to 35 ft. above the ground, requiring a most 
elaborate and intricate system of forms for mold- 
ing the concrete to the proper shape. 

Regarding the merits of the different mixers on 
this work, it may be said that, for thorough mix- 
ing, nothing is better than a rotary, whether it be 


forms for the next course in place. When the 
concrete was set these rods were cut off. 
BALTIMORE & OHIO COAL YARDS.-—<As the 
space originally used by the Baltimore & Ohio 
R. R. Co. for coal and team yards will be cccupied 
by the Terminal Depot, it was necessary to pro- 
vide facilities at some other point for this branch 
of the business. The site selected for the new 
coal yard was located between First and Second 
and M and N streets (Fig. 1). In this space six 
lines of trestle, about 600 ft. in length each and 
18 ft. in height, were constructed, having a capac- 
ity in all of about 60,000 tons. The driveways are 
33 ft. in width, one for each trestle, and were 
macadamized. The bins cover three-fifths of the 
total area of the site, while the drives cover the 
remaining two-fifths. The trestles are alli con- 
structed level, but owing to the grade of First St. 
and of the terminal tracks on Delaware Ave., it 
was found necessary to construct the yard on a 
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the cubical, the Smith or the Ransome patterns. 
For speed and good average results, the Hains 
is commended, but its method of mixing does not 
permit mixing beyond a certain limit. 

As so much of the work consisted of long 
stretches of wall, traveling derricks were used in 
most cases, and where possible one rail of the der- 
rick track was used as one rail of the track upon 
which the masonry material was handled. When 
the concrete foundations were in, the stone and 
concrete work were put up as follows: A course 
of stone facing was laid, after which the <oncrete 


FIG. 8. PLAN OF PASSENGER YARDS AND ROUNDHOUSE PLANT, WASHINGTON, D. C. 


1% grade, transversely descending toward M St. 
A system of tile drains will take care of the drain- 
age of the yard and driveways. 

NEW FREIGHT TERMINAL.—A new freight 
terminal was constructed at New York and 
Florida avenues, which is perhaps as complete a 
layout as can be found for handling a business 
such as Washington furnishes. About 80% of the 
business at this point is inbound, leaving but 20% 
for outbound. Washington is not a producing 
city, as manufactories are discouraged to such an 
extent that few exist. The rapid growth of the 


city and the good character of most construction 
make it a great market for all kinds of building 
material, which is handled in carload lots, 

With these facts to work u:on, team or bulk 
unloading tracks were provided to accommodate 
about 450 cars, while the house tracks will care 
for about 200 cars, with a freight storage yard of 
about 600 cars. The team and house tracks are 
divided into three groups, each having a switching 
track, of some length, which will permit several 
yari engines to work the groups without inter- 
ference. The storage yard is divided into three 
sections, so arranged that the switching can be 
done with the least interference. 

PASSENGER YARDS AND SHOPS.—East of 
the freight terminal is located the joint passenger 
coach yard, roundhouse, shops, engine yards and 
repair tracks, Fig. 8. Two tracks, between the 
terminal train yard and the roundhouse, are set 
aside for handling engines and cars between the 
station and the coach yard, and roundhouse, with- 
out interfering with the movement of trains over 
the main passenger tracks. They are located be- 
tween the Washington and Metropolitan Branches, 
and pass under the Y connection of the above 
lines. 

At Florida Avenue all tracks are at the same 
elevation. From this point north and eastward 
the grades of the groups of tracks are as follows: 
The Washington Branch connection of the Balti- 
more & Ohio R. R. and the Magruder connection 
of the Pennsylvania R. R. ascend at the rate of 
0.9 per cent.; the coach yard tracks at 0.5 per 
cent., and the Metropolitan Branch connection of 
the Baltimore & Ohio R. R. at 0.7 per cent. These 
differences in grades are due largely to the nat- 
ural contour of the country and served to permit 
an easy overhead crossing of the Y connection be- 
tween the Metropolitan and Washington Branches 
over the equipment tracks, which are constructed 
on the same grade as the coach yard, southwest 
of the Y, but which have heavier grades north 
of it. 

From a construction standpoint heavier grades 
would have been preferable on all the different 
groups of tracks, as about 2,250,000 cu. yds. of 
earth will have to be removed to bring the space 
assigned as a passenger coach storage yard to the 
proper grade. Fig. 9 is a view showing steam 
shovels at work on this excavation. 

A better idea of the size of this task may be 
had, when it is stated that the material, over a 
considerable area, has to be removed to a depth 
of 82 ft., and that about 75 acres of ground will be 
occupied for this branch of the business. Six 
large steam shovels, each having a capacity of 
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about 30,000 cu. yds. per month, are engaged on 
the work and to date have moved about 1,000,000 
cu. yds. of material, practically all of which has 
been wasted. Quite a large percentage of this 
material was hauled nearly two miles from the 
point where it was excavated. Practically ail of 
the remaining material will be used to fill in the 
terminal space and the plaza. Should there 
be any material left after this work is 


done, it will be used to fill property now owned 
by the railroad company around the plaza, wh'ch 
will be 30 to 35 ft. above the present ground level. 
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As designed, the coach yard will have a capac- 
ity of at least 600 cars. Considerable thought has 
been given the roundhouse and shop layout, and 
the arrangement will be quite convenient and 
complete. The engine house, it will be noted, will 
be constructed in two sections of 25 stalls each, 
both sections having a turn-table. The coaling 
plant will consist of storage bins with measuring 
devices, and is located between the ash pits and 


line, at intervals of 400 ft. This section will be 
used from the south portal to a point 525 ft. south 
of the station building, a distance of 4,033 ft. From 
this point, to the south side of the station build- 
ing, the construction will be girder covered way; 
the number of tracks covered ranging from two to 
six. 

The top of the tunnel will be covered with four 
layers of waterproof felt, thoroughly coated with 


FIG. 1. SHIELD IN THE SOUTH TUBE OF THE HUDSON RIVER TUNNEL. 


the roundhouse, The approach to the storage 
bins will be by the ordinary trestle incline. The 
coal will be delivered in the bins direct from drop 
bottom cars, the cost of handling being prac- 
tically nothing. This style of coal wharf requires 
more room than a mechanical device, but is 
cheaper both in first cost and opetation. 

The general construction of the ash pits will be 
very similar to ordinary practice, but the ash 
track will be depressed sufficiently to permit load- 
ing the cars by shoveling the ashes over an ad- 
justable apron, the top of the car being below the 
bottom of the engine pit. Inspection pits are a!so 
provided and are reached just before going on the 
ash pit, where the engines can be examined before 
turning them into the house, 

The track arrangement will be such that ac- 
cess to both tables can be had from both sides of 
the coal wharf and from both tables to the stor- 
age yard. A tail track ts provided for moving en- 
gines to the storage yard without fouling inbound 
tracks. Shop facilities will be provided for mak- 
ing light repairs to cars and engines, and neces- 
sary tracks, platforms, etec., will be installed. 

PENNSYLVANIA TUNNEL APPROACH.—As 
stated above, the southern approach to the Union 
Station will be through a tunnel under First St., 
the southern portal being located at New Jerssy 
Ave. and D. St., southeast, and the north end 
terminating in the basement of the station build- 
ing. It will be constructed for a double track 
line and will consist of two single track tunnels, 
built side by side, separated by a wall 4 ft. thick, 
Fig. 9. Each tunnel will have a width of 16 ft. 
and a height of 17 ft. from top of rail to soffit of 
arch. The center wall is being constructed with 
openings or passage-ways, located at intervals of 
100 ft. to provide refuge niches for employees and 
means of communication between the tunnels. 

The side walls and haunches are being con- 
structed of concrete, the arches of brick and the 
center wall of stone. Terra cotta conduits are be- 
ing laid in the haunches for the accommodation 
of wires; access to which will be had by manholes 
constructed in the side walls, above the spring 


waterproof compound. The waterproofing will be 
protected by a l-in. layer of cement, in the cut 
and cover portion, while the drift portion will be 
protected by a layer of brick. Gutters will be 
formed along the top, on each side, filled with 
broken stone. Drain pipes, connecting with these 
gutters and leading to subgrade, will be built in 
the side walls at intervals of 50 ft. 

All work completed to date has been done in 
open cut. For that portion of the work where it 
will be found necessary or advisable to drift, it is 
proposed to carry the sidewalks far enough in 
advance to support a steel shield, which it is pro- 
posed to use for supporting the roof while the core 
is being removed and the center wall, arches and 
haunches are being constructed. 

GENERAL REMARKS.—Respecting the werk 
in general, it may be stated that, after the plans 
were matured, the construction, but for its mag- 
nitude, did not seem to present any serious diffi- 
culties. The most important matter at the out- 
set was extreme accuracy in establishing base 
lines and bench marks. The peculiar track condi- 
tions required considerable care in fitting bridge 
seats to the grades—especially on H St., which is 
crossed by both the high and low groups ot 
tracks. 

The most serious and perplexing question to be 
dealt with, so far, has been difficult foundations. 
Generally speaking, all foundations have been bad, 
making it necessary to go much deeper than other 
conditions would have required. In most cases 
good gravel beds have been found at an elevation 
of from 9 to 12 ft. above tide. 

When it is recalled that the elevation of the 
lowest ground in the locality is about 20 ft. above 
tide, some idea of the depths of foundations can 
be gotten. Conditions point to the conclusion that 
at one time much of the space being occupied by 
this terminal was low, swampy land, the general 
elevation being about 12 ft. above tide, and that 

_a small stream ran diagonally across in the vicin- 
ity of G St. 

In most cases good gravel is found about 2 ft. 
below the layer of black loam, which is thought 


to have been the original ground level. The . 
conditions met were at K St., where tests s}, 
nothing substantial at an elevation of abo. 
ft. below tide, and pile foundations we,.. 
sorted to. 

Before arranging for pile foundations, how. 

a thorough examination of the material was ; 
The elevation of the ground, when work 
started, was about 48 ft. above mean tide. } 
this elevation to aboyt 20 ft. above mean tiq 
material was yellow clay containing thin |, 
of gravel; not forming, however, a materia! ; 
able for heavy foundations. Under this a 
clay, about the consistency of putty, which «. 
be cut out with a shovel but not picked, 
found for a depth of about 15 ft. Under th 
sandy material, containing sufficient clay to 
danger its stability, was found of uncertain de. 
Test piles indicated good material at about os 
below mean tide; showing unsatisfactory fou, 
tion conditions in a vertical range of nearly 7) 
The nearest approach to this condition elsew} 
was on the north side of H St., west of First 
where sand of a fairly good quality was foun 
an elevation of about 4 ft. above mean tide; a}. 
25 ft. below the present street level. 

Realizing the size of the undertaking, noth) 
but new machinery of the most improved patt« 
was brought to the work. No better plant co: 
be desired than that owned by the various co 
tractors engaged on this improvement. What h 
been said of the quality of the plant may wi: 
equal propriety be said of the contractors who a 
handling the work. The railroads interested ha\ 
reason to congratulate themselves on the selec: 
tion. 

In the preparation of this article, I am indebte | 
to Messrs. D. H. Burnham & Co., Architects, Chi 
eago, for sketches and other information in re 
gard to the station building; to Mr. Robt. Far:- 
ham, Jr., Assistant Engineer, P. B. & W. R. R 
for information relative to construction of First 
St. tunnel, and to the members of my corps fo: 
photographs of the works. 


THE REMARKABLE PROGRESS OF THE HUDSON RIVER 
“TUNNEL FOR THE NEW YORK & NEW JERSEY 
R. R. CO. 

To drive a submarine tunnel in river silt at the 
rate of 48 ft. per 24-hour day is a remarkable 
engineering achievement quite without prece- 
dent, so far as we are aware. When it is added 
that in doing this work not a car load of muck is 
removed through the tumnel, the wonder is not 


Fig. 2. Curve of 150-ft. Radius in North Tube of 
the Hudson River Tunnel. 


lessened, although, in fact, the secret of the nn- 
precedentedly rapid progress is the freedom from 
the delays usually involved in excavating and 
tramming the excavated material. 

The tunnel to which we refer is that which is 
being driven underneath the Hudson River by the 
New York & New Jersey R. R. Co., about oppo- 
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«jte Christopher St., New York City. As most of 
our readers will remember, this is the old Hudson 
River tunnel enterprise, originally projected by 
he late De Witt C. Haskin and Trenor W. Park, 
ind begun in the ‘70's and early ‘80's. 

The work done then and at a later period, in 
1989 and 1890, when an English company. at- 
tempted to finish the work, consisted in the com- 
ojetion of one single-track tunnel nearly across the 
river. The new company which took hold of the 
enterprise last year, has completed the under- 
river section of this tunnel (the northerly one), 
and the work above referred to is that which is 
being done upon the south tunnel. The old com- 
pany made only a bare beginning with the south 
tunnel; but the present company, although it only 
attached the south tunnel last March, has already 
pushed it out 2.500 ft. from the New Jersey shore, 
and the work has been at times interrupted by de- 


FIG. 3. FRONT VIEW OF SHIELD SHOWING CUTTING EDGES. 


shaft, and his office is provided with a compressed 
air hospital to be used in case any man is at- 
tacked with “the bends.”’ 

The river mud through which the shield is now 
passing is about the consistency of plastic putty. 
It was this extreme softness that made contract- 
ors fearful of bidding upon the work. The engi- 
neer of the New York and New Jersey R. R. Co., 
Mr. Charles M. Jacobs, then attacked the work 
with a plant designed by himself and operated un- 
der his direction. 

But an even more difficult feat, to our minds, in 
connection with this enterprise than tunneling be- 
neath the river, is the tunneling for the ap- 
proaches on the New York side. The approach 
for the north tunnel is now being driven. To un- 
derstand the problem confronting the engineer, it 
must be remembered that the shield is being 
driven through loose sand at a depth of some 3) 


outline of the cast iron lining. A grout of neat 
cement is mixed in a small mechanical mixer 
especially designed by Mr. Jacobs for this work, 
and is forced out under a pressure of 150 Ibs. per 
sq. in. through small plug holes in the iron lining. 
About 50 bbls. of cement are used daily in grout- 
ing. The roof of the tunnel is about 30 ft. below 
the surface of the ground. 

Although the shield has passed tnder the cor- 
ner of a large brick building, not the slightest set- 


tlement of the building has occurred. The suc- 
cess of the shield process under these conditions 
may be ascribed in general to three factors: (1) 


Extreme care in measuring and recording the ele- 
vation of each ring of the lining, so as to detect 
the slightest distortion; (2) the careful grouting 
of every around the lining; and (8) the 
sheathing of the face of sand with plank, and the 
bracing in such a manner as to prevent any sud- 


space 


FIG. 4. REAR VIEW OF SHIELD SHOWING HYDRAULIC JACKS 


FIGS. 3 AND 4. VIEWS OF SHIELD FOR HUDSON RIVER TUNNEL UNDER CONSTRUCTION IN THE SHOP. 


lays incident to acquiring terminal rights on the 
New York side. At present the air lock is '!o- 
cated about 900 ft. back of the shield, thus leav- 
ing 1,600 ft. of open tunnel not under air pressure. 
This 1,600 ft. may be walked through without 
seeing so much as one drop of water falling from 
the cast iron lining; and, since no muck cars are 
being run, the floor of tne tunnel is free trom 
mud and perfectly dry. 

As the- reader will have inferred, the shield is 
pushed forward with closed doors, crowding aside 
and compressing the soft river mud in its path- 
way. To push forward the shield, which is 17 ft 
in diameter, 16 hydraulic jacks are used, as shown 
in the accompanying photograph, Fig. 1. Each of 
these jacks is 8 ins. in diameter and capable of 
operating under a pressure of 5,000 Ibs. per sq. in., 
but the normal operating pressure is 3,590 Ibs. 
per sq. in. During the visit ‘of a member of cur 
editorial staff, the shield was pushed forward 2 
ft. in just 96 secs. The time required to put up 
and bolt the cast-iron ring of nine segments was 
about 35 minutes, thug making an advance of 
lined tunnel equivalent to 1 ft. in less than 20 
minutes with a force of only 8 men in the face of 
the tunnel. This astonishing progress is not 
merely a display feat, for in each 8-hour shift 
the average advance is 16 ft., or eight complete 
rings 2 ft. long. The men actually work about 714 
hours at the face, under a pressure of 26 Ibs. per 
Sq. in., and spend the remaining % hour entering 
and leaving the work. The depth of the silt above 
the roof of the tunnel where the shield is now lo- 
cated is about 25 ft. 


In this connection it should be noted that a phy- 
sician is always in attendance at the mouth of the 


to 40 ft. below the street surface. The street is 
narrow and is linel with warehouses and other 
buildings all founded on sand far above the tun- 
nel line, and sure to ‘suffer settlement if in .the 
driving of the tunnel sand is loosened beyond the 
perimeter of the shield. 

The tunnel, moreover, makes a curve of 150 ft 
radius and 90° of total curvature in passing from 
the shaft at the end of the river section at the 
foot of Morton St. to its terminal in the block 
bounded by Hudson, Christopher, West and 
Greenwich Sts. On this work the air pressure 
averages about 8 Ibs. per sq. in., and sand is en- 
countered instead of mud. The sand is so clean 
and coarse that it is sold for building purposes. 

Progress in this sand is far slower than in the 
soft mud, for it is all excavated, and the face of 
the work is continuously supported with a plank 
sheathing. This sheathing is held by short 
braces that bear against the shield while excava- 
tion is in progress. When it becomes necessary 
to push the shield forward, long braces are in- 
serted through the doors of the shield, these long 
braces conveying the thrust of the sand to the 
east iron lining of the tunnel. As soon as the 
shield has been advanced 2 ft., these long tem- 
porary braces are removed, and short braces bear- 
ing against the shield are inserted. 

Before the shield is pushed forward, a few 
sheeting planks are removed, and the sand is ex- 
cavated for a depth of nearly 2 ft., in an annu!ar 
ring which is then filled with clay. Upon pushing 
the shield forward, its hood or apron is forced in- 
to this clay effecting a seal that prevents the 
escape of compressed air. 

Great care is exercised in grouting around the 


den caving either 
motion. 

For courtesy in permitting us to study this work 
while in progress and for the photographs that 
illustrate it, we are indebted to Mr. Charles M. 
Jacobs. 


while the shield is still or in 


THE WOOD WATER TANK AT UPPER SANDUSKY, 
O., which failed on Oct. 15 (cee Engineering News, Oct. 
27, p. 3°6), was barded with % x 4-im. steel, gpaced 1 ft. 


apart. We are informed by Mr. Samuel J. Black, Super- 
intendent of the Upper Sandusky Water-Works Co., that 
an examination of the bands shows that their outer sides 
were in good condition, and that their inner sides ‘‘were 


not injured enough to cause the bursting, except at the 
rivets, where the hoops were badly eaten.”’ The tank was 
25 ft. high, 25 ft. in diameter at the bottom, and 23 ft. 
at the top, and was erected in 1888. The brick tower, 
100 ft. high, on which the tank rested does not appear 
to have been injured. 


FORMULAS FOR RAPID BLUE-PRINTING PAPER. 

The blue-printing process is so universally used 
and so well known that it may seem like going 
back to elementary things to print anything re- 
garding the materials used in it. An inquiry has 
reached us, however, from a correspondent who 
asks for a formula for making blue-print paper 
for use in an electric printing frame, and it occurs 
to us that some of the present,readers of Engi- 
neering News may be unfamiliar with a process 
for increasing the sensitiveness of blue-print paper 
which was described in this journal in 1891. 

The process was originated by Mr. F. H. Lati- 
mer, of Vancouver, B. C., and consists essentially 
in adding oxalic acid to the ordinary blue-print 
solutions. For the benefit of some of our readers 
who may make still their own blue-print paper in- 
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stead of purchasing it, and who may not know 
of this process for giving it extra sensitiveness 
so that it will print more rapidly, we reprint the 
article which was published in our issue of May 
23, 1891: 

Mr. F. H. Latimer, of Vancouver, B. C., writes us that 
a year or two ago, while experimenting with blue-print- 
ing processes, more particularly with the object of getting 
bright blues and clear white lines, he found that after the 
usual washing a bath of quite dilute acid, such as hydro- 
chlorie or, better, oxalic, would often greatly improve 
the clearness of the printe, a marked cause of dirty blues 
being * gradual altering of the solutions even when kept 
separate till just before using, though poor quality of the 
ammonio-citrate of fron seemed to have much to do with 
the results. 

During the experiments he also found that an addition 
of oxalic acid to the ordinary blue-print mixture mate- 
rially lessened the time of necessary exposure. The solu- 
tlone ueed Were: 

(1) Ammonio-citrate of fron, 120 grains; water, 1 fluid 
ounce; to which is added a few drops of strong ammonia 
solution till the odor is quite percentible. 

(2) Pota:sium ferricyanide, 105 grains; water, 1 fluid 
ounce. 

(3) Saturated solution of oxalic acid. 

Equal quantities of (1) and (2) are taken (a); and after 
being mixed (3) is added as required and the mixture 
used at once. 

Taking, say, in the proportion of 10 ounces of the mix- 
ture (a) and adding thereto (b) one ounce, (c) two 
ounces, or (ad) three ounces of (3), the relative rapidity of 
the coated papers will be closely, in every dull light, as 
1:2%:5:10, (a) paper being thus about 10 times as rapid 
printing as (a) in the light mentioned. For example, a 
print was made from a tracing on linen in 35 minutes on 
Feb, 25, 11.30 a. m., on (d) paper during a snow-storm, 
the light being quite dull, while ordinary paper takes the 
greater part of a day in an equal light. 

This great difference only holds good in dark, cloudy 
weather; as, if comparisons are made in direct sunlight, 
(4) paper ts only three to four times as rapid as (a). 
An explanation of this probably is that a weak light 
which will reduce the oxalic acid mixture (partly ferric 
oxalate) has but a faint starting or continuous action on 


Fig. 1. .Perspective View. 


Ferric oxalate and potassium ferricyanide mixed makes 
a very rapid printing paper, and can be made consider- 
ably cheaper than with the ferric citrate; but it is too 
sensitive for ordinary work, and requires more care than 
can be given to it in engineering work, as a rule. Ferric 
chloride is also more rapid and cheaper, but has the 
same disadvantages. They seem also to wash off the paper 
more than the citrate, though different sizing of the 
paper might remedy this. The only way to get white 
lines with the two latter, Mr. Latimer has found, is to 
make the ferric salts frequently, so as to have them 
fresh, keeping the solutions in the dark or deep red light 
only. 


HYDRAULIC RELIEF VALVES FOR WATER-WHEEL 
PENSTOCKS. 

For the operation of electric generators by hy- 
draulic power, under modern conditions, a preci- 
sion of speed regulation is required which was 
never attempted or dreamed of as being necessary 
in the days when water power was only used to 
drive the wheels of factories. According to a 
published statement by a prominent manufac- 
turer of water-wheel governors, a governor must 
be able to open or close the entire water supply 
to a turbine in two seconds or less, or it will not 
be able to effect a speed regulation close enough 
to meet the demands of the engineers of water 
power electric plants. 

As every engineer familiar with the elementary 
principles of hydraulics knows, the quicker a 
valve on a long pipe or penstock is opened or 
closed, the greater will be the variations of pres- 
sure or “water hammer” caused. Thus these 
modern quick-acting governors have made neces 
sary some provision for taking care of these va- 
riations of pressure, not only to protect the pen- 
stock from rupture but to prevent this water- 
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Fig. 2. Sectional Elevation. 


AN AUTOMATIC RELIEF VALVE FOR LONG PENSTOCKS AND WATER: CONDUITS. 
The Lombard Governor Co., Boston, Mass., Makers. 


the ferric citrate, while with a strong light both com- 
mence at once. 

For all ordinary purposes it is better not to use a 
greater percentage than 20% (c) of the oxalic acid solu- 
tion, as It is difficult to get the lines to wash white with 
a higher percentage, even with thick black lines on the 
tracing or negative; and the more sensitive the paper the 
shorter time it will keep good even in the dark, and also 
the greater care required in its preparation and use. 
Some hard close-grained paper that does not absorb much 
of the iron solution, such as parchment paper (Dietzgen 
& Co.), Mr. Latimer has found to give the best results in 
this process, as, indeed, for all blue-print work. To get 
the clearest prints the paper is better prepared a short 
time before using tn a dark room by gas or lamp light 
or-very weak sunlight. 


hammer action from neutralizing the action of the 
governor. 


As this last idea may not be entirely clear, a 
word of explanation may be proper. Suppose 
water is flowing at a certain speed through a long 
penstock to an exit at one end, tnrough gate- 
controlled openings, against the vanes of a tur- 
bine, Suppose the load on the turbine is 
reduced one-fourth. Then if the speed is 
to be held constant, the volume of water 
delivered to the wheel must be reduced one- 
fourth; and to effect this the velocity of the water 
flowing through the penstock must be reduced 
one-fourth. If the moving fluid were steam or 


air or other gas, having trifling weight, 
would be no difficulty; but water is a , 
heavier substance, and in order to check t), 
locity of a long column of water we must jn 
way absorb its surplus energy. If we do nor 
energy will be transmitted to the turbine a); 
governor will be worse than useless. If 1), 
not evident to any reader, he can settle the 
tion for himself by a very simple experi;, 
Open an ordinary faucet to its full width, 
then close half its opening with the finger 
will be seen at once that the energy of the <, 
stream is much greater than that of the ja: 

It should be also noted that the energy : 
absorbed from even a small reduction in ve), 
of the water in a long penstock is a very co, 
erable amount. Take for illustration a pens 
4 ft. in diameter and 500 ft. long, through w) 
water is flowing at the rate of 8 ft. per se. 
The total weight of the column of water wi! 
nearly 200 tons and its total energy will be ne: 
200 foot-tons. If now its speed is reduced by « 
fourth, its energy will be only (%4)* of wha 
was before, or 9-16. Thus, in order to reduce 
one-fourth the amount of water delivered by : 
penstock, we must absorb 7-16 of 200 — &? f, 
tons of work. The difficulty in making any » 
cushion device to absorb such an amount of . 
ergy is apparent. 

For low heads, in a location where trouble fr 
freezing need not be apprehended, a stand-pipe 
probably the best pressure regulator for a wat: 
wheel penstock, and it has the great advantna: 
that “it works both ways.” That is to say, t 
water in the stand-pipe will rise and overflow 
absorb surplus energy when the gate valve be!. 
partially closes; or when the gate valve op:: 

: wider to take care of an increas 
load, the water in the standpipe 
and helps to maintain the press: 
while the water in the penstock is «. 
quiring added velocity. But for th 
« high heads which are now so exte: 

sively used, standpipes are impractic 
« ble and the only available means © 
° controlling the pressure is by son: 
form of automatic water relief valy: 
> It will be apparent from what has 
been said above that a water relic! 
. valve in order to effectively contro! 

i the pressure in a long penstock mus! 
be of very large size, and the ditli 
culty in making a large valve an! 
keeping it closed by direct spring pres- 
sure are evident enough. 

This problem has recently been at 
tacked by the Lombard Governor Co 
of Boston, and a new type of wate: 
relief valve has been developed. |: 
is illustrated in the accompanying cuts of which 
Fig. 1 shows a perspective view and Fig. 2 11 
elevation, partly in section. 

The main relief valve c (Fig. 2) is held to its 
seat by a hydraulic piston, f, acted upon by wate: 
from the supply main through the pipe, k. The 
opening of the relief valve is effected by the bal. 
anced valve D, which, when opened, allows the 
water in the pipe, p, to run to waste and so re- 
lieves the pressure on the piston, f, that the relief 
valve, c, instantly opens. 

The balanced vaive D is controlled by a long 
spiral spring above it and by a piston acting in 
opposition to the spring. This device is delicately 
adjusted so that immediately on the water pres- 
sure exceeding a predetermined limit the pis- 
ton, n, rises, opening the valve D and thus the 
piston f and main relief valve c. To prevent the 
relief valve from being too suddenly closed, so a> 
to set up the very water hammer it is designed t 
prevent, or chattering as it goes to its seat, th: 
supply pipe, k, has a throttle valve, 1. This can 
be so adjusted that the relief valve will go to its 
seat as slowly as desired. 

With this arrangement it becomes possible to 
make a relief valve large enough to do effective 
work. For example, the largest size listed by th: 
Lombard Co. has a relief valve disk 23% ins. i) 
diameter, which under a head of 50 ft. should dis- 
charge 85 cu. ft. of water per second. 

The device would appear to meet a need in the 
operation of water power plants with long pen- 
stocks which has not heretofwre been filled. 
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Everyone has heard of the person who, for the 
purpose of escaping from the observation of his 
fellow men, crawled into a hole and pulled the 
hole in after him. That mythical feat is now 
equalled by the achievement of a well-known 
New York engineer who is driving a tunnel under 
the Hudson River and actually pushing the hole 
ahead of him! Speaking seriously, the work on 
the south tube for the Hudson River tunnel, de- 
scribed on another page of this issue, represents 
a method of tunnel driving which, we risk little in 
saying, has never been carried on or attempted 
before in the world. That it is successful is at- 
tested by the rate at which the tunnel is being 
driven which far exceeds all records of fast tun- 
nel driving ever made. 

As described in the article, what is being done 
is to push the hydraulic shield right into the soft 
mud, which is forced to either side :nd upwards 
into the bed of the river. The tunnel is thus not 
being “excavated” at all, but it is actually bored 
in the same manner that an awl bores a hole in 
wood or leather. Of course, in driving a tunne! 
in this manner, nearly all the difficulties and dan- 
gers usually attendant upon submarine tunneling 
are eliminated. The workmen are protected by 
the iron walled tunnel around them and the shield 
in front. So long as the shield can shove its way 
ahead without encountering boulders or other ob- 
stacle, necessitating the opening of the bulkhead 
doors and work in front of the shield, the work- 
men are as safe as if they were in the open air. 
Moreover, when the shield is pushed forward in 
this manner, there is actually no tunneling work 
to be done. All the workmen have to do is to 
place ring after ring of the cast iron lining as the 
shield moves ahead. Hydraulic power makes the 
hole that is ordinarily dug by pick and shovel and 
dynamite. 

It will be evident, of course, that this method of 
working is only made possible by the exceeding 
softness of the sem!-fluid silt underlying ihe Hud- 
son River and through which the tunnel is being 


driven. This semi-fiuid silt has defeated every 
engineer who has hitherto attempted to penetrate 
it by ordinary tunneling methods. De Witt Has- 
kins spent years of time and a large slice of 
Trenor W. Park's fortune in driving 2,000 ft. of 
the north tunnel and the enterprise was then 
abandoned by both engineers and capitalists. Af- 
ter lying idle for half a dozen years, an English 
corporation undertook to complete it with the 
famous firm of S. Pearson & Son as the contractor 
and the distinguished Sir Benjamin Baker as Con- 
sulting Engineer. But the million and a half of 
money which was raised, proved insufficient to 
complete even the one river tunnel, and again the 
work was abandoned and lay untouched for ‘thir- 
teen years. .- 

It was in November, 1874, that work on the 
Hudson River tunnel was begun, so that 30 years 
have now elapsed since Mr. Haskins first under- 
took the work. It has come to be universally re- 
garded by engineers and contractors as the most 
difficult tunneling work ever attempted. And 
now comes forward Mr. Chas. M. Jacobs and by 
simply putting on force enough to push his 
shield right through the soft silt, discovers that 
instead of being the most difficult tunneling 
proposition ever undertaken, it is really the easi- 
est, and he drives his south tunnel along at the 
astonishing rate of nearly fifty feet per day! 


It is doubtless true that the conditions under 
the Hudson River are extremely unusual. Proba- 
bly in no other submarine tunnel ever attempted 
has the material penetrated been soft enough to 
do with it what is being done now under the Hud- 
son. There is, however, another piece of tunnel 
work in connection with the same enterprise 
which represents conditions only too common. 
The engineer is often asked to drive a tunnel 
beneath a street surface through soft material 
loaded overhead by buildings, often of great value. 
If he judges by the records of past experience, he 
will probably advise that the probabilitfes are ex- 
ceedingly strong that settlement of the building 
foundations will occur. In driving the Howard 
St. tunnel in Baltimore, for example, building 
after building along the line of the tunnel was 
injured or ruined. In Brooklyn, numerous cases 
of settlement have occurred along the streets 
where sewer tunnels have been driven; and other 
instances might easily be cited. 

But the approach to the north tube of the 
Hudson River tunnel is being built through a 
coarse, easily moved sand, loaded above by high 
brick buildings, and the work is being done with 
such care as to confine the excavated material to 
the exact section cut out by the shield and so far 
the buildings above are intact. A more noteworthy 
achievement in soft ground tunnel driving, it 
would be hard to find anywhere. 
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We find in “The Mining World,” of Chicago, an 
editorial entitled ‘‘A Case for an Expert,” which 
seems to us so amusing as to deserve a wider 
publicity. We therefore reprint it in full as fol- 
lows: 


The development and operation of mines, according to 
modern methods, often present special problems which 
require special knowledge quite out of the scope of the 
training of the ordinary mine manager or mining engi- 
neer. One such case is told in the following excerpt from 


an interview given by a leading analytical chemist. He 
said: 


“Not long ago we were retained by the owners of a 
large Mexican copper mine to discover some alloy that 
would withstand the attack of a particularly destructive 
water with which the mine was flooded. Hundreds of 
thousands of dollars had been expended by the owners for 
valuable pumping machinery, only to have it eaten up and 
ruined hopelessly by the action of this water, and they 
were at their wits’ end to discover a remedy. So strong 
was this water that a steel shovel placed under it would 
be eaten through and through within ~ “curs, 

“A bogshead of the water was sent to us in New York 
for analysis, and we found it chockfull of sulphuric acid. 
The problem was, therefore, to find some *''r" ‘hat would 
resiet the action permanently. The experiment was ab- 
surdly simple, We eent for samples of 400 different bars 
of alloys. Eart little bar was carefully cleaned and dried 
and we'ghed and immerred in a small jar containg ex- 
actly half a pint of the water submitted. At the end of 
a week, each bar was removed and dried and weighed on 
a hair balapce. Out of the 400 only 12 showed they had 
suffered ro loss in weight. 

“With the-e 12 we experimented as before, until at the 
end of a month we found four of the bars would answer 
the purpose, not having lost the least verceptible we'ght 
throvghout the.test. Of the four we advised the cheapest, 
which, it happened, was also the most durable as far as 
wear and tear is concerned, and from that day to this 


there has been no trouble at that mine, excepting that the 
water eats the shoe nails out of the boots of the miners.” 


While the analytical chemist can take credit for a clever 
piece of work, credit must also be given to the intelligent 
mine manager, who knew when he had encountered a 
problem outside of his knowledge and experience, and 
who had the wisdom to call in the services of a scientific 
expert to give him the information required. 

For our part, we are consumed with curiosity to 
know what the “four alloys’’ can be which will 
withstand without corrosion exposure for a month 
to a sulphuric acid solution strong enough to eat 
through a steel shovel blade in 24 hours! We can 
pardon the “leading analytical chemist’’ for his 
modesty in withholding his name from publica- 
tion; but for the benefit of the world at large he 
ought to let it be known what these remarkable 
alloys are which by his own account are as resist- 
ant to corrosion as gold or platinum, and yet are 
cheap enough to use for lining a mine pump. 
Then, too, his laboratory processes are so unusual! 
They may seem “absurdly simple’ to him; but 
many of them will certainly puzzle his brother 
chemists. Why, for example, did he try 400 
alloys haphazard, when any standard treatise on 
chemistry records that of all the metals, only 
gold, platinum, iridium and rhodium are unat- 
tacked by sulphuric acid. Why did he take “ex- 
actly half a pint’’ of the water in which to im- 
merse the test bars; and why, oh why, did he not 
advise the owners to work their mine for sul- 
phuric acid instead of for copper! Had he done 
this latter, we might then have joined with our 
contemporary in crediting him with “a clever 
piece of work.” 

Conditions like the following are so frequently 
found in specifications that a few words of dis- 
approval will scarcely have any effect, no matter 
how well founded the objection may be, 

Bidders shall specify in their bids the number of work- 
ing days they will require for the completion of the work. 

The principal objection to this form of bidding 
lies in the unknown value that will be set upon 
each day. Will the awarding official count each 
day as being worth $5, or $50, or $159? Unless it 
is known beforehand what value will be set upon 
the unit of time, the day, a contractor is at a loss 
how to bid. Moreover, he is apt to infer that fa- 
voritism will govern the letting, even if no favor- 
itism is intended; for it is evident that a favored 
contractor can unbalance his bid simply by bid- 
ding high unit prices and naming a very short 
time limit. To illustrate what an effect this un- 
certainty has, let us suppose that A bids $50.00) 
for the work, naming 200 days as the time of com- 
pletion, and suppose that B bids $54,500, naming 
100 days as the time required. Obviously A is en- 
titled to the contract if the value of a day’s time is 
assumed to be $25, for we have: 


200 days, at $25.... 5,000 100 days, at $25.... 2,500 
Total ............ $55,000 “$57,000 


But suppose the awarding official decides that 
$50 is the worth of each day’s time, then condi- 
tions are reversed, for we have: 


200 days, at $50.... 10000-100 days at $50..... 5,000 
Total............. $60 000 “$59,500 


No public works letting should ever leave it in 
the power of an awarding official thus to juggle 
with the bids received. To avoid the appearance 
of unfairness, if for no other reason, such clauses 
as the one above quoted should be excluded, un- 
less a definite value is named for each day’s time 
to be used in comparing bids. 


> 


The same specification from which the forego- 
ing clause was abstracted contains the following: 


The Commission reserves the right to increase or de- 
crease the work, or to stop the work, wholly or in part, 
at any time. Nor will the Commission be liable for any 
loss or damage to the contractor because of any stoppage 
of the work. 

A number of complaints from Contractors con- 
templating bidding upon this work seem to justify 
giving space to this clause, in spite of the fact 
that similar clauses have been previously dis- 
cussed in the columns of this journal. It appears 
not to have occurred to the author of this speci- 
fication that the element of time is a factor of 
importance to a contractor, or that the amount of 
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work to be done affects the unit cost, or that there 
is any unfairness in a specification that permits one 
party of a contract to escape from the implied ob- 
ligations while rigidly holding the other party to 
performance. Nor does it seem to have been re- 
garded as possible that some contractors might 
hesitate to buy a plant or part of a plant to do 
work which may be shut down before the plant 
has been in operation long enough to pay the 
freight from the factory. Every clause like th's 
brings its own punishment either by causing only 
a reckless class of contractors to bid or by causing 
conservative contractors to bid an exceedingly 
high price to cover risks. There are internal evi- 
dences of lawyer authorship of these specifica- 
tions; and it is not improbable that if an engi- 
neer ever‘had a hand in the original draft, he has 
been forced to see all semblance of fairness wiped 
out by a few legal—but foolish—pen strokes; for 
it is an economic folly to attempt to play fast and 
loose with intelligent and reliable contracting 
firms. 


THE DIFFERENCE BETWEEN HARDPAN AND ROCK. 


Hardpan tis a material that may be regarded geo- 
logically as being rock in the process of formation. 
Any clay that has become so hardened by heat or 
pressure as to be an incipient shale, is hardpan. 
Any sand that has been partly cemented by the 
deposition of a small amount of iron oxide or 
carbonate of lime in its pores, is also hardpan. To 
one who is ignorant of geology, the word “rock” 
conveys the idea of an exceedingly hard and prac- 
tically solid mass; but every student of 
geology knows that in fact there is no marked 
line dividing rock from earth, the one passing in- 
sensibly into the other. This follows naturally 
from the fact that sedimentary rocks are merely 
hardened sediments; sandstone, for example, is 
cemented sand and shale is baked clay. Obviously 
the processes of solidification, be they physical or 
chemical, may be found illustrated in nature’s 
laboratory in all stages from the softest clay, 
through hardpan and shale, to the hardest slate. 
“Obviously,” we say, yet notwithstanding the ob- 
viousness, even among engineers who should know 
better, there are many who still use the word 
rock as if it applied only to some definite kind of 
the earth's crust. 

Although the subject of rock and earth classi- 
fication has been discussed in our columns before, 
attention is again called to the matter by the 
prominence given in the daily papers of New York 
‘state to this subject. Without entering into the 
political reasons actuating the daily papers in 
again bringing before the public an old discussion, 
we shall quote a statement made by one of the 
political orators regarding some excavation on the 
Erie Canal, which several years ago was classified 
as hardpan. Here is the orator’s statement: 


I am no more a geologist than I am a farmer, but I 
know enough about farming to know that corn cannot 
be grown on rock. and 1 know enough about’ geology to 
know that the stuff which we scooped up in our hinds 
from that pile is not rock. In one place the deposits 
of this fraudulent ‘‘rock’’ had great holes scooped out of 
them by farmers who had hauled the stuff away for a top 
dressing for their flelds because the earth is filled with 
fine shells which have a most beneficial effect on the soil. 

This orator who admits that he is no geologist 
—nor is he an engineer—is sure, however, that 
material classified as rock was fraudulently so 
clessified by the engineers. It should be stated 
that the specification under which the classifica- 
tions of this Erie Canal excavation were made, 
prescribed the plow test to mark the dividing line 
between earth ahd rock, as will appear from the 
following quotation: 


Dry excavation of rock will include the removal of all 
solid or ledge rock and hardpan which, in the opinion 
of the resident engineer, cannot be plowed, and all boul- 
ders measuring one-half a cubic yard or more. 


We have italicized the Word hardpan to indi- 
eate that the authors of the specification meant 
to include this incipient form of rock if its hard- 
ness were such as to prevent plowing. What the 
public can not understand is how a material 
which is so hard that it can not be plowed, be- 
comes, after five years of exposure to heat and 
cold and frost, a disintegrated mass which farmers 
“scooped out,” and “hauled away for top dress- 
ing.” 

The fact is that many granites, which are 
among the toughest of rocks, disintegrate in the 


course of time when exposed to the climatic con- 
ditions of New York state. The Egyptian obelisk 
in-Central Park is rapidly crumbling away; and 
hundreds of brownstone (sandstone) fronts in 
New York city have long ago fallen into a dust 
that would make good farming soil—indeed, it 1s 
in just this way that all soils are made from the 
rocks. What surprises any one but a geologist is 
the rapidity with which certain rocks disintegrate 
If the disintegration of building stones is rapid, 
even more rapid is the crumbling of the softer 
stones that are unfit for building, and still more 
rapid is the destruction of the incipient stone com- 
monly called hardpan, 

To illustrate that this fact is well known to 
many engineers, we quote from a paper on the 
Chicago Drainage Canal by Mr. E. R. Shnable, 
which was published in the “Journal of the Asso- 
ciation of Engineering Societies” for June, 1895: 


This hardpan does not soften in the least under water 
when first taken out of the pit. After a piece has been 
exposed to the air until dry it dissolves rapidly upon im- 
mersion. 


By the word “dissolves,” Mr. Shnable does not 
mean dissolving like sugar in water, but crumb- 
ling into minute fragments—a phenomenon well 
known to all who have had experience in clay 
hardpan excavation. It is indeed surprising, but 
it is nevertheless a fact that a hardpan which can 
not be plowed on account of its toughness, nor 
readily blasted on account of its lack of brittle- 
ness, will crumble to pieces upon exposure for a 
few months, particularly in the winter and 
spring. - 

Our purpose is not to defend the plow test, but 
to impress upon engineers in charge of public 
works the danger that is run wherever this test 
is prescribed, because of the ignorance with regard 
to rock formation that prevails outside of scien- 
tific circles and even within them. 

The fact is that no specification prescribing a 
physical test to mark the line between earth and 
rock, has thus far proved satisfactory in the long 
run. This truth is recognized by the engineers of 
many railway companies who specify no classifi- 
cation at all, preferring to avoid lawsuits by 
lumping both earth and rock together under the 
one head, “excavation’’—a procedure that is even 
less defensible than the plow test, since it leads 
to guesswork or gambling on the part of the con- 
tractor, which in the end means an unreasonably 
high cost for excavation. Moreover, it reacts up- 
on the engineers themselves, making them care- 
less in their study of subsurface conditions, and 
careless in their study of the unit costs of excava- 
tion. 

On public work involving excavations of magni- 
tude, the specifications should be drawn to cover 
each class of material as determined by actual 
borings and test pits, samples of the materials 
being labeled and filed for reference in interpret- 
ing the specifications. There is no other safe 
method of classifying excavation that ranges 
through all grades of toughness and hardness. 


LETTERS TO THE EDITOR. 


A Plea for Small-Sized Contracts on the New York 
Barge Canal. 


Sir: Is the letting of contracts on the Erie Canal to be 
free from scan’al? That remains with the policy to be 
pursued by the State. If the same line is pursued as 
was done on the $9.000,000 enlargement, scandal will be 
sure to follow. 

The Sta'e went on the line of having large cash de- 
posits with each bid and continuing them through the 
existence of the contract, and also of exacting large bonds 
for the execution of them. The consequence of euch a 
policy is that a monopoly is made of the work, as compar- 
atively few people are able to comply with such require- 
ments. 

The bidders being few, it is not difficult to learn who 
they are; and, as it is reported that the work is to be 
let in amounts of about $1,000,000, they put their heads 
together and divide the work among themselves at prices 
to suit. This makes it impossible for any man of good 
mechanical and executive ability to be a bidder unless he 
has great financial responsibility, as the surety compa- 
nies would not furnish him a bond. 

The only people that ‘they will furnish bonds are of 
undoubted financial responsibility. 

No bonds should be required except from the engineers 
and executive officers in charge. The state can pay every 


two weeks for work done: If the work is not doy. 
poorly done—no pay. 

This would make-the officers look out for men 0: 
moral character and mechanical ability who wou! 


' @ pride in doing their work well. 


As the contractors that take the work in large am 
will sublet in smaller amounts, why is it not the | 
ness of the State's officer to do this instead? 

I am certain that if the bars are thrown down the » 
will be core 20% less than otherwise, and it wil! | 
to the front men who are experts in their line and 
take the work with the expectation of making some’) 
out of it on account of this expert knowledge and 
through any monopoly of bonds and large cash depo 

Yours, Anti-Bond Monopo 

Buffa'o, N: Y., Oct..16, 1904. 


A Case of Too Much Protection in Fire Resisting ¢... 
struction. 


Sir: In the pattern storehouse of one of the a: 
Rhode Island machinery concerns, there is a case of 
spection which savors of over-requirement and obstina 
The accompanying sketch represents a door in the th:. 
story pattern house which is used entirely for stor 
wooden models. This building, which is lighted by e). 
tricity taken from the city mains, is always kept loc} 
and is heated neither in cold nor in warm weather. F. 
floor is divided into two parts conneeted by a doorw 
upon which operate the fireproof swinging doors B and 
and the fireproof safety sliding door A. In case a fi 
breaks out in apartment F, the heat melts the fusible |i: 


Apartment 


fire Proot Door 


Safety Fuse 4: 
Apartment “F 


Fire Proot Door’ 


at BE, and breaks the connection, causing the door to shut 
and protect room D. But should a fire break out in side 
D and door C should happen to be partially or entirely 
closed, neither the heat nor the flames would attack the 
fusible link to make door A shut for the protection of 
the adjoining apartment. Although this possibility was 
pointed out to the inspector by the general manager of 
the concern, the former insisted on both sets of doors re- 
maining, where they were instead of having the swinging 
ones removed. This case is merely an incident amounting 
to practically nothing in the way of financial loss to the 
concern in question, as there is almost no possibility of 
a fire starting in the interior of the structure. At the 
same time, it would be well to have inspectors use a lit- 
tle more common sense and reason instead of insisting on 
the letter instead of the spirit of protection requirements 
T. M. 
Providence, R. I., Oct. 22, 1904. 


Wind Stresses in Knee-Braced Mill Buildings. 


Sir: The writer would like to discuss somewhat the com- 
munication by Mr. “W. H. Dunham, on ‘‘Wind Stresses 
in Knee-Braced Mill Buildings,’’ in Engineering News of 
Oct. 6, 1904. 

As a usual thing this matter is not very carefully con- 
sidered. It seems to be the usual practice to assume a 
loading of x Ibs. per sq. ft. of horizontal projection sup- 
posed to be sufficient to take care of wind strains. This 
ig usually sufficient, 6o far as the chords are concerned. 
but where knees are needed and used, stresses are devel- 
oped in some of the web members that this method wil! 
not provide for, and especially so if the building be high 
in clerestory. The correct computation of the stresses in 
a truss under such conditions requires too much work and 
is unnecessary in the majority of cases. 

The writer bas seen numerous buildings in which litt!> 
or no attention was paid to the wind stress in the col- 
umns, especially in their anchorage and their connection 
to the truss. Again, he has seen cases where knee- 
braces were provided, perhaps strong enough themselves, 
but which were insufficiently connected, and where the 
web members of the trusses, which have to carry most o! 
the stresses, were not proportioned for those stresses 
Why do such buildings stand up? Doubtless because 
they have a large nominal factor of ‘safety and because 
they never get the wind load which they até supposed to 
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ay se, to use lighter wind loads and provide for them. 
- to come to our present subject: it seems to the 
-r that Mr. Dunham in his criticism of Mr. Hutch- 
» has presented a rather erroneous proposition. 
ro. ng bie stress diagram and following it from 
‘o right till we come to the point where the, 
pers NG, GI’, I’J’ and J'N meet, we will find that 
+> this point his etress diagram does not close by the 
cunt of the vertical component of the stress in a knee 
' This alone is sufficient to spoil the proposition; 
iy further we cannot make the diagram close until we 
ri et his reactions by taking moments of the horizontal 
« ed toree (as applied at the bottom chord) about the foot 
.¢ ¢be knee brace. This will increase the leeward reac- 
» by 4,440 Ibs. Then the diagram will close. 
put even when so corrected, the diagram, while close- 
ing, does not give the true stresses; for, it is made on the 
s :pposition that the column can carry no bending at the 


The logical conclusion would be, if the latter be 


The solution proposed by Mr. Dunham is open to the 
following criticisms: 

(1) The point of contraflexure is certainly not located 
at one-half the height of the column as assumed; if the 
column ig fixed from the knee-brace to the top of the col- 
umn, the point of contraflexure will be midway between 
the knee-brace and the base of the column, while if the 
foot of the knee-brace and the top of the column deflect an 
equal amount, the point of contraflexure will be (in this 
particular case) 17 ft. above the bace of the column. 
Hutchinoon assumes the point of contraflexure as 13 ft. 
6 ins., while Dunham assumes that it is 21 ft. 3 ins. from 
the base of the column. Both results are certainly er- 
roneous. 

(2) The horizontal components of the wind loads at 
the panel points in the top chord appear to have been 
omitted in calculating the stresses in the truss. 

(3) On account of the manner in which mill buildings 
are constructed, part of the wind should be considered 
as concentrated at the foot of the knee-brace. This would 
make the stress in the windward knee-brace less than the 
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Sir: In your issue of Oct. 6, 1904, Mr. Dunham makes 
the following remarkable statement: 

The action of knee-braces in resisting the wind forces on 
the sides and roofs of mill buildings, and their effect on the 
roof trusses and columns is something of an open question 
among structural engineers, and is not usually given the 
attention it deserves in the design. Most writers either 
ignore the subject entirely or treat it in.a superficial! man- 
ner, while the few who have really attempted its solution 
obtain results co at variance with accepted practice ag to 
render their results of no practical value. 

I think this subject is quite well understood by all 
competent engineers, and that it receives from them all 
the attention it deserves. Furthermore, it is fully an- 
alyzed in several works of hfgh standing, such as: 
Greene's ‘‘Graphics,’* Johnson's ‘‘Framed Structures,"’ and 
Ketchum's ‘‘Mill-Building Construction."" In all of these 
books practically the same method is employed. 

Mr. Dunham’s method is not very clearly explained, 


but, since he has taken the horizontal reactions at the 
foot of knee-braces to be equal to the total horizontal 
force on roof and at top of post, he evidently assumes that 
Un- 


the frame would turn about the foot of knee-braces. 


Wind Normal. Roof |8 ibs Sides 20 Ibs- sq-ft: 
4000 8000 


This cut is a reproduction of Fig. 57 in ‘Steel Mill Buildings.” 


foot of the knee. Therefore, we are forced to two con- 
clusions: First, Mr. Dunham’s diagram is erroneously 
drawn for the loading he assumes; second, were it drawn 
correctly, there could be no moment in the column as he 
deduces. 

Again, from Mr. Dunham’s analysis, it would not mat- 
ter how high the columns were, so long as the total wind 
pressure were the same; or going further, by attaching 
the knee only 6 ft. down instead of 12 ft., he would re- 
quire only half as strong a column. 

Now to try to get at the correct solution: so far as the 
columns are concerned, we note that the truss ends at 
the foot of the knee braces. From that point the columns 
must carry the wind load as a constant shear to the foun- 
dation. This shear produces bending in the columns. 
The most favorable condition for the column and also for 
the knee-brace, is with the columns fixed at the base. 
This condition can usually be obtained in practice. 

Then for a column of uniform section, considered fixed 
at the bottom, the bending moment equals the shear times 
half the height to knee brace; or, for the case under 
consideration, 11,850 x 1%4 x 30.5 = 180,712 ft.-lbs., instead 
of 142,200. Then for the horizontal component of the 
knee-brace, we have 11,850 x (% x 30.5 + 12) + 12 = 
26,910 Ibs., a far different stress from that given by Mr. 
Dunham. 

Moreover, from this we see that if the knee brace were 
attached 6 ft. from bottom of truss, the stress would be 
greatly increased, as we would naturally expect. 

As to the stresses in the truss, we have in addition to 
the reaction at the foot of the knee braces, a moment as 
given above to deal with. It is not the writer’s purpose 
here to extensively discuss the stresses produced, but by 
inspection we note that this moment becomes zero at the 
center of the symmetrical truss in question, and becomes 
only a shearing force, which into the lever arm of half 
the span of truss equals the given moment. This enables 
us to get all the stresses in the truss membere due to the 
bending, if we desire. 

The writer usually figures the truss for a uniform load 
as noted in the first of this article, and then finds the 
effect of the knee stress on those web-membere most seri- 
ously affected. increasing their section if necessary. Of 
course, that is not thoroughly scientific, but it is quick, 


and safe enough. Yours truly, 
Chas. M. Emmons. 


Beaver Falls, Pa., October 13, 1904. 


Sir: The writer has been “very much interested in the 
proposed solution for the stresses in a transverse given 
in your issue of Oct. 6, 1904. The problem of calculating 
the stresses due to wind in a transverse bent is quite a 
complicated one and quite a number of solutions have 
been proposed. Many of these solutions differ eonsid- 
erably on account of the different assumptions as to 
the condition and behavior of the columns and the knee- 
braces; while other solutions, among which is the one 
proposed by Mr. Dunham, are based on assumptions which 
are certainly open to question, 


stress in the leeward knee-brace. 
stress in both knee-braces. 

(4) The maximum bending moment in the column as 
assumed by Dunham will come at the base of the column 
and not at the foot of the knee-brace. A calculation of 
the pedestals required to fix the column will show that 
all that might be gained by his solution in the trusses 
will be more than counterbalanced by excessive cost of 
foundations. In fact, in many cases with stresses proper- 
ly calculated it will be found economical to calculate the 
stresses and design the bent for columns hinged at the 
base, rather than go to the expense of building pedestals 
sufficient to fix the columns. 

It would appear from the above that the solution pro- 
posed is neither theoretical in its assumptions, nor prac- 
tical in its application. 

In the writer’s book on ‘Steel Mill Buildings’’* he hag 
developed a colution for calculating the wind stresses in 
a transverse bent which is simple and direct. The solu- 
tion is illustrated by the accompanying cut, which is 
taken from Fig. 57 of that work. 

In developing this solution the writer shows (1) that the 
point of contraflexure for ordinary cases varies from 
one-half to five-eighths of the distance from the base 
of the column to the foot of the knee-brace, and that we 
will be on the safe side if we take the point of contra- 
flexure at one-half the distance from the base of the col- 
umn to the foot of the knee-brace; and (2) that as far as 
the stresses in the bent are concerned, the columns in a 
bent with columns fixed at the base may be considered 
as hinged at the point of contraflexure, the wind above 
that point only being considered. 

To remove the bending in the columns, auxiliary mem- 
bers are substituted as shown, and the problem is then 
solved by simple statics. By the substitution of the 
auxiliary members the bent becomes a two-hinged arch 
with the horizontal reactions known. It will be noted 
that the wind load below the point of contraflexure is 
omitted. The stresses in all members of the truss be- 
tween the columns are correctly given by the stress dia- 
gram. The stresses in the columns are easily found 
algebraically. 

The writer's solution of the bent shown in your issue 
of Oct. 6, with the point of contraflexure assumed as 17 
ft. above the base, gives — 18,300 Ibs. and + 45,000 Ibs. 
stress in the windward and leeward knee-braces, respec- 
tively; as compared with — 18,600 and + 18,000. by Dun- 
ham, and — 32,300 and + 54,800 by Hutchinson for the 
corresponding members. 

In designing columns for wind moment the writer's 
specifications allow a working stress of 20,000 Ibs. per 
sq. in. for the combined stresses. 

Very truly, M. 9. Ketchum, 
Professor of Civil Engineering, University of Colorado. 
Boulder, Colo., Oct. 20, 1904. , 


*The Design of Steel Mill Buildings and the Calcula- 
tion of Stresses in Framed Structures’; Engineering News 
Publishing Company, New York City, 


Dunham gets the same 


der this assumption there would be no bending moment in 
posts at knee-brace connections, which is abeurd. 
If Mr. Dunham's method were in general use I think 
there would be many failures in structures of this kind. 
The following is the generally accepted method of solving 
the problem, and the results obtained thereby are prob- 
ably very near the actual conditions. 
The building used by Mr. Dunham is taken as an exam- 
ple. The dimensions of this and the loads are as follows: 
Width, center to center of posts, 64 ft.; trusses 32 ft. 
apart. 

Dead load, 25 Ibs. per eq. ft. horizontal projection. 

Wind load, 20 Ibs. per sq. ft. vertical projection. 

Dead load per panel = 32 ft. x 8 ft. x 25 Ibs. per aq. ft. = 
6,400 Ibs. 

Wind on side of building = 32 x 425 x 20 — 27,200 Ibs. 

Wind on side of monitor = 32 x 7.5 x 20 = 4,800 Ibs. 

Wind at panel points of truss, horizontal component = 
1,500 Ibs. 

Wind at panel points of truss, vertical component == 
3,000 Ibs. 

One-half of the wind force on eide of building is applied 
at foot of post and may be neglected for the present as it 
has .no overturning effect on building. The other half, 
13,600 lbs., is applied at top of post. One-half of the 
wind force on side of monitor is applied at top of monitor 
post, and one-half at the foot. 

The total horizontal force to be considered is as follows: 


Ibs. 
On main roof 1,500 3 4,000 
On side of monitor 4,800 

24,400 


one-half of which, 12,200 Ibs. is assumed to be resisted at 
the foot of each post. 

If the posts were free to rotate at their base the vertical 
reactions due to the horizontal forces would be obtained 
by taking moments of these forces about the foot of posts, 
and dividing by their distance centre to centre. But the 
posts are more or less fixed by the dead load of roof and 
walls, also by the anchor bolts if properly built into the 
foundations. Consequently there will be a point of no 
moment somewhere between baee of post and foot of knee 
brace. This point of no moment, or of contraflexure, 
should never be assumed ‘higher than half way between 
base of post and knee-brace connection. The existence of 
a resisting moment at the foot of each column changes 
the vertical reactions from those determined by pure 
statics. 

Taking the weight of roof at 25 lbs. per aq. ft. and of 
side covering at 20 Ibs. per sq. ft. the load on post is 


as follows: 
Roof = 32 ft. x 32 ft. x 25 Ibs. <= 25,600 Ibs. 
Side = 32 ft. x 42.5 ft. x 20 lbs. = 27,200 Ibs. 


52,800 Ibs. 
This force acts at center of post. Then, assuming the 
width of base to be 2 ft., the moment of resistance of 
the base js 52,800 }bs. x 1 ft. == 52,800 ft.-lbs. The anchor 
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bolts will not be considered in the present case. The 
horizontal reaction at foot of post, multiplied by the 
height to point of contrafiexure is equal to the moment 
of resistance of base; therefore, height to point of contra- 

52,800 

12,200 
anchor bolts this point might be twice as high, or even 
higher. 

For the vertical reactions due to horizontal forces, mo- 


ments of these forces are taken about the assumed plane 
of contrafiexure. 


flexure = == 432, say 4.5 ft. With efficient 


Vertical Reaction N A 
546,000 


14,350 x 38. 
1,500 x 42 = 63,000 
1500 x 4 = 69,000 
3,150 x 50 = 157,500 
3,150 x 57.5 = 182,000 
TO x 6156 = 46,000 
Horizontal wind........ 1, "1,068,500 and a Ibs, + 64 — — 16,600 
Dead load =< 6,400 x 4...... + 25,000 
Vertical wind 8,000 x 4x 
+ 18,000 
Vertical Reaction A’ N. 


Dead load 6,400 x 4...... 
+ 45,200 


The maximum moment in posts is at foot of knee traces — 


and is equal to 12,200 Ibs. x 26 ft. — 317,000 ft.-Ibs, 

Horizontal shear at top of post due to this bending mo- 
ment = 317,000 ~ 12 = 26,400 Ibs. Horizontal force at 
foot of knee-brace = 12,200 + 26,400 =— 38,600 Ibs. The 
horizontal and vertical loads are now laid off in the stress 
diagram in regular order from A to A’, and are shown 
in heavy lines; also the reactions A’ N and N A. The 
stress diagram is then proceeded with in the usual way, 
beginning at the lower end of either knee brace. The 
etresses obtained from this diagram are as follows, in 
which + — compression, and — = tension. 


BL + 133,000 
© K + 130,000 
DH + 83,000 
EF + 79,000 
FG 70,000 
F H + 15,000 
GI 63,000 
H I — 17,000 
+ 47,000 
IK 68,000 
K L + 9,000 
LM 78,000 
IN 78,000 
GN 20,000 
“8000 
c’ — 12,000 
D’ H’ 44,000 
FH’ + 12,000 
GY + 12,000 
ry — 100 
+ 
M’N + 60,000 


| 
Tresses, © toc. 
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WIND STRESSES IN KNEE-BRACED MILL BUILDINGS.—BY W. CHASE THOMSON. 


Assume a girder gag of 


4-—6x == 18.00 
27.00 sq. in. 

Section modulus = 209. sg 
Then 27 = 2,400 
3,804,000 200 = 18,200 

pression outer 

fibers...... = 20,600 Ibs. per sq. in. 


This unit stress is quite safe, as the posts will be held 
sidewise by the wall framing. 
Yours truly, W. Chase Thomson, 
Assistant Engineer, Dominion Bridge Co., Ltd. 
Montreal, P. Q., Oct. 14, 1904. 


Sir: Referring to the letter in your issue of Oct. 6th, by 
Mr. W. H. Dunham, on “Wind Stresses in Knee-Braced 
Mill Buildings,”’ it may be of interest to presezt a solu- 


the column or its equivalent in a splice, to fulfill th: 


quirements of this assumption, and even then, suppo: 


the column section itself were to extend down into 


re- 


the 
he 


foundation and all play between it and the masonry elim- 


inated, the critical point would only be transferred lower 


down to the joint between the masonry and the ground on 


which it rests. 


Applying now my theory to the problem presented in 


Mr. Dunham’s letter, I’ have shown in Fig. 1 the forces 


acting on the structure as a whole, 


the reactions being 


determined by the ordinary principles of statics; acsum- 
ing also that the horizontal thrust of the wind is divided 
equally between the windward and leeward columns. 

In Fig. 2 is shown, exaggerated, the effect of a horizon- 
The columns tend to bend to 


tal thrust on the frame. 
the shapes indicated, and jn so doing the windward edge 
of the column base tends to rise, throwing all the vertical! 
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Fig. 2; 


WIND STRESSES IN KNEE-BRACED MILL. BUILDINGS.—-CHARLES WORTHINGTON. 


If the plane of contraflexure had been assumed higher 
the stresses would have been correspondingly less, but 
this would not affect the method. 

It is usually more convenient to make separate stress 
diagrams for the wind force and for the dead and snow 
loads. 

The posts should be designed for the combination of di- 
rect compression and bending moment. 


Compression in A M from diagram = 64,000 Ibs. 


Bending at foot of knee = 317,000 ft.-lbs. — 3,804,000 
in. lbs, 


tion of this problém in accord with a theory developed by 
me and elaborated in a paper published in Transactions 
Am. Soc. C. E., Vol. XLVIII, 1902. I have used this 
method in designing columns of the type under consid- 
eration in many cases during the last few years and be- 
lieve it combines legitimate assumptions, simplicity and 
flexibilfty of application, and final results that appear ra- 
tional. 

The assumption that columns of this type are “‘fixed’’ 
at the base in the sense ordinarily used in the subsequent 
application of the theory, is not proper, in my opinion, for 
there would be required a base having the full section of 
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upon the leeward edge of base, and bringing the 
ard anchor bolts into play; the forces and their 

of application being as indicated. The amount of 
ion in actual columns would be very slight, so the 

‘on of the column-loading may be assumed as in 

"conditions, namely, the moment produced By the 

r bolts, of total amount 2Ae for the two columns 
» A ig the stress in anchor bolts, and e the distance 

n the windward anchor bolts and edge of column 
as indicated in Fig. 3); also the moment produced 
ansferring the point of application of the dead load 
the center to one edge of the column foot, of amount 
| to the product of the vertical load in each column 
.e horizontal distance a (see Fig. 3) between the cen- 
f column and edge of column foot. These two mo- 

act in a direction opposite to the wind moment, and 

ied by the distance between the columns give reac- 

of equad amount and opposite direction, in the wind- 

4 and leeward columns in addition to those shown in 

1. In Fig. 3a are shown the resulting forces acting 

-he columns of the building under consideration; this 

ving is in most part self-explanatory. The force A 

ents the stress in anchor bolts and is assumed. In 

»resent case I have used four 1%4-in. diameter (upset) 

to each column, two on the windward and two on the 

ward side; assuming further a unit stress of 16,000 lbs. 

makes two of the bolts, or the value of A, equal to 56,500 

ibs. as indicated. The columns are assumed to be of 

ame width, 18 ins., ag those used in Mr. Dunham's de- 

7 he forces P and P”’ are derived by combining the re- 

actions indicated in Fig. 1, with those resulting from the 

introduetion of the forces A and from shifting the dead 

load reaction to the edge of columns. The critical mo- 

ment in the column will be at X, (see Fig. 3), the inter- 

section of knee-brace and center of column, and may be 
written in general thus, 

M = Hb — Pd — (1) 

Pxamining equation (1) it will be noted that both the 
anchorage. A and the vertical load P tend to reduce 
the bending moment in the column, as does also increas- 
ing the width of the column or the distance between an- 
chor bolts. In tall buildings where the direct load P is 
large, especially in the lower stories, the bending is of 
small importance compared with the direct load. 

The column foundations must be designed for the loads 
as shown in Fig. 3, care being taken to develop the full 
value of the assumed pull in the anchor bolts. The bot- 
tom end of the column must be designed to bear the 
total load (P +A) on one edge without crushing; this is 
usually provided for in the ordinary details of the base. 

Returning now to Fig. 3a, the moments M; and M,’ 
may next be written from equation (1) above, and dividing 
same by the distance a (= 12 ft.) will give the forces 
T and T’, respectively; K and K’ next follow as the sums 
T +H and T’ + H’, respectively. 

We now have all the stresses in the columns from which 
their sectiong may be designed. The assumed width of 
18 ins, appears to be too small for economy in these col- 
umns, 

In Fig. 4 are shown the resultant forces which will act 
upon the trugs and for which the stresses in the members 
are easily determinable. 

A much cheaper and equally effective method of provid- 
ing for the horizontal thrust produced by wind, traveling 
cranes, ete., on buildings of this type, is to transfer same 
to each end of building by means of bracing in plane of 
bottom chords of the trusses, then directly down the ends 
of building by diagonal bracing. Where this method can 
be employed wholly or partially it will be found 
to use much less material than performing the same ser- 
vice by bending the columns. 

Referring now to Mr. Dunham's design, it appears to be 
unnecessary refinement to assume that the wind acts nor- 
mal to the roof surface; the assumption that the wind 
acts horizontally upon the vertical project'on of exposed 
surfaces is, in my opinion, as close to the actual condi- 
tions ag one can get and is safe, especially when it is 
considered that under a strong wind, which develops 
gradually, the enow will be evaporated or blown from the 
windward side of the roof. Such hair-splitting refinement 
in assuming the loads on an ordinary roof when there is 
so much uncertainty in the actual distribution of the 
loads, by reason of the well known fickleness of the 
wind, variation in the amount and location of the snow 
loading, the roughness of construction ordinarily em- 
ployed in this clags of work, etc., only adds to the labor 
of calculation and increases the chances of error with- 
out producing results that will vary materially from those 
obtained by lesg refinement in assumption of loading. It 
Coes not seem right to divide up the wind load so care- 
fully and then proceed to make calculations on the loose 
assumption that windward and leeward columns will each 
take just half the total load. 

In Fig. 2 of Mr. Dunham’s letter the horizontal force 
acting on the column at the knee-brace connection and 
that at the top are shown equal; this appeare to be incor- 
rect. for while the diagrams do not show the horizontal 
reactions of 11,850 Ibs. at the foot of each column, they 
must be there for equilibrium, and then equality cannot 
exist. between the forces at top and at knée-brace con- 


The frame will now be affected by two addi- . 


nection as shown, but the latter must be greater than the 
former by the amount of this reaction of 11,850 Ibs. 

It would be interesting to examine a completed diagram 
of loads and reactions embodying Mr. Dunham's assump- 
tions. He appears to have assumed, for designing the 
truss, that the columns are broken at the knee-brace 
connection and the truss is just resting there; this is the 
only condition under which the horizontal force at top of 
column and the reaction at knee-brace connection will be 
equal. But this condition would require the column anchor- 
age to resist a moment of 11,850 x 30.5 = 361,000 ft.-Ibs., 
inctead of the 4,000 ft.-lbs. which he gives, apparently, for 
the anchorage at base of column. On the other hand, Mr. 
Dunham has given a bending moment for the column 
at point where the knee-brace connects, which would 
seem to indicate that he does not assume the column to 
be broken here. 

It appears upon examining his Fig. 2 that the lower 
half of the wind on side of building is resisted by the 
windward column acting as a cantilever. Why not the 
upper half as well? As a matter of fact the windward 
column resists the wind on this side as a beam of length 
42.5 between its end supports, independent of its main 
function as a column. This beam effect is generally neg- 
lected as of small consequence, and the load on side of 
building assumed to be transferred by this beam to its 
ends, one-half to the top, and the other to the bottom; 
the latter portion need not be considered further, ag it 
does not affect the structure excepting possibly by tend- 


cordance with good, if not ‘‘accepted practice,"’ and in so 
far as assumptions may depart from these general lines, 
the results, in my opinion, depart from the truth. This 
should be understood to refer to the fundamental princi- 
ples and not to assumptions made relative to minor fea- 
tures which are not represented to be and do not need to 
be rigidly correct. 

The assumptions referred to are as follows: In Case 1, 
it is assumed that the columns are hinged or free to rock 
at the base, while in Case 2 it is assumed that the col- 
umns present the case of a continuous beam with level 
supports and fixed at one end (the base), supported at the 
other (the top), and loaded by the knee-brace. It is evi- 
dent that these conditions are not strictly realized and 
it is equally evident that the exact conditions cannot be 
determined. The true condition ordinarily falls between 
the two assumptions as to fixedness of column base. 
Each of the three assumptions affects the position of the 
point of contraflexure in the column. 

A rigidly correct determination of the point of contra- 
flexure for ideal conditions, involving differential equa- 
tions, is given in Johnson's ‘‘The Theory and Practice of 
Modern Framed Structures,’’ Art. 412, and it may be well 
to note here some of the deductions there given and to 
make a few remarks relative to the location of this point, 
corresponding to varying conditions. 

As shown in Article 151 of the work above referred to, 
the point of contraflexure in knee-braced columns fixed at 
the base occurs a distance from base of column equal to 
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- Roof Wind assumed to Act Normal 
to Roof Surface. 

= Compression 

- = Tension 


x 
: 
tos S3°/620—>from Col. 
a 
: 
> W> Nete* : . 
Ma*?200566 ft. /bs. \\_~<—Fe=28430 
Vert. 
J N J 
NN 
gs 
Me=-/56894 ft lbs Ground Level 
489 


<—HW Neth 


9000-88: 


WIND STRESSES IN KNEE-BRACED MILL 


ing to shear off the anchor bolts of the windward column. 

Another question I would like to bring up is how in 
Mr. Dunham's Fig. 3 the windward reaction is shown 
greater than the leeward, when as a matter of fact the 
windward, which, for the horizontal component of the 
wind forces alone, would be equal in amount to the lee- 
ward, is reduced somewhat by his assumption of a ver- 
tical component of the wind acting on the windward side 
only, and still further by the dead load; while the lee- 
ward will be increased considerably by both these farces. 
This may be seen in my Fig. 1 above, where the net re- 
action of the leeward and windward columns (for wind 
and dead loads together, the wind acting horizontally) are 
3,800 Ibs. and 47,400 Ibs., respectively, acting upward 
in both cases. For approximately the same conditions Mr. 
Dunham shows corresponding reactions of 33,800 Ibs. and 
27,800 Ibs, Respectfully, 


Chas. Worthington. 
Pittsburg, Pa., Oct. 10, 1904. 


Sir: Referring to Mr. Dunham’s letter on the above 
subject in Engineering News of Oct. 6, 1904, criticising my 
analysis for wind-stresses in steel frame mill buildings, 
Mr. Dunham is not very specific, but his objection, ag B 
infer from his illustration, is in reference to the main 
feature of the analysis, which is the recognition of the 
effect of the leverage action of the columns on the 
stresses in roof trusses, knee-braces and columns. I 
hardly see, however, how this point can be questioned, 
and I may possibly have misinterpreted Mr. Dunham's 
views, which he does not make entirely clear, either’ in 
his text or in the analysis which he presents. Notwith- 
standing the objections made, I consider my analysis cor- 
rect in principle and along the right lines and in ac- 
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BUILDINGS.—BY G. H. HUTCHINSON. 


one-half to five-eighths of the distance between base of 
column and foot of knee-brace, the exact location de- 
pending upon the depth of knee-brace. It is evident that 
for columns partially fixed at the base the point of con- 
traflexure would assume a lower position, reaching the 
base when the column is entirely free to rock. The de- 
signer must, of course, use his judgment ag to the de- 
gree of fixedness which will be realized in individual 
cases. The assumption of ‘‘level supports’ gives, for the 
depth of knee-brace assumed in the following analysis, 
the point of contraflexure at a dictance of 


Mi, 200,566 
17.1 ft. = ) 


Be 11,720 
below foot of knee-brace, or 13.4 ft. above the base of 
column, or .44 of the distance between the base of column 
and foot of knee-brace; this is equivalent to the assump- 
tion of partially fixed column base, or the conditions or- 
dinarily realized. 

With the above characteristics in mind relative to the 
location of the point of contraflexure, if a short-cut be 
preferred to using the continuous girder formulas, logical 
assumptions which will give approximately correct re- 
sults can be intelligently made relative to the location 
ef the point of contraflexure, to correspon’ with the vari- 
ous degrees of fixednese of column base and depth of knee- 
brace. 

As the statement and solution of the continuous girder 
formulas require but a few moment's time and especially 
in view of the above, Mr. Dunham’s assumptions seem 
hardly necessary, for while not greatly simplifying the 
process they give stresses which not only materially dif- 
fer from, but are opposite in character to those which 


I believe would actually occur, as shown in the following : 
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tabulated comparison of wind-stresses obtained by Mr. 
Dunham's metbod and by mine: 


Comparison of Stresses for Dunham’s and Hutchinson's 


Analyses. 
Dead and Wind = Total. Dead. ——— Wind. -———— 
em- Hutchin- Hutchin.- 
ber, Dunham. Dunham. son. 


BL« 497,200 494200 450,000 447,200 444.200 
cK $93,000 491.200 447,000 446,000 444,200 
DH +75,200 465,000 447,000 428,200 418,000 


EF +69,500 +66,600 4+438,000 426,300 423,600 
rG —41,400 —53,200 —24,000 —17,400 —29,200 
FH +10,800 413,600 +9,000 +1,800 +4,600 
GI —29,200 —38,300 —15,000 —14,200 —23,800 
HI —12,000 —15,000 —10,000 —2,000 —5,000 
iJ +26,000 434,300 413,000 413,000 421,300 
JK —27.400 —41,600 —7,000 —20,400 —34,600 
KL +8,.600 +9,500 +6,000 +2,600 +3,500 
LM —87,000 —60,000 —45,000 —42,000 —15,000 
IN —78,600 —51,200 —38,000 —40,600 —13,200 
GN —49,400 —13,500 —24,000 —25,400 +10,500 
MN —13,600 —32,300 .......... —18,600 —32,300 
+55,000 —9,300 +50,000 +5,000 —59,300 
ciKt +52,200 —12.300 447,000 +5,200 —5v,300 
+68,400 437,400 447,000 421,400 —8$,600 
EF! +64,000 432,000 443,000 421,000 —11,000 
FG —83,200 —1,900 —24,000 —9 300 422,100 
Fini +9,000 411,500 +2,500 
Git —23°400 +0800 —15,000 - 8400 424,800 
+5,000 —9,200 413,000 —8,000 —22,200 
445,500 —7,000 +18,400 452,500 
K'L! +5,600 +6,000 +6,000 
LiMt —74,000 —18,000 —45,000 —29,000 432,000 
—65,600 —2,700 —38,000 —27,600 435,300 
M'N +18,600 454,800 —,..... +18,600 454,800 


Hin —13,000 —10,000 —3,000 


I realize that the analyses for the several cases as given 
in “‘Theory and Practice of Modern Framed Structures” 
are presented in a more complex manner than is desirable, 
owing to the results for all the cases having been grouped 
for comparison for purpose of presentation before an En- 
gineers’ Society, making the process for a single case ap- 
pear more involved than it really is. On this account I 
give below, upon the request of parties interested in the 
application of this analysis, an analys's for a building of 
the same dimensions as assumed in my paper, but without 
a ventilator and for wind normal to roof, corresponding 
to Case 56. 

WIND ANALYSIS.—Case V., without Ventilator.—See 
Articles 490-492, in ‘‘Modern Framed Structures’ for 
nomenclature. 

To find S, = Horizontal shear or reaction at foot of each 
column of bent. 

The wind is considered concentrated at foot of column, 
at foot of knee-brace, at top of column and at panel 
points of roof. The concentration at foot of column is 
disregarded in the analysis of stresses in trusses and col- 
umns, but considered in calculation of foundations and 
anchor bolts, 

It is evident that 

(6 + 15.25) 32 x 20 = 13,600 as ~~ at foot of knee 

r 


ace. 
= 3,840 concentration at top of col- 


| 6 x 32 x 20 
4 umn, from side of building. 
| 1,500 x 4 = 6,000 roof truss concentration. 
23,400 + 2 11,720 = 8. 

a 30.5 

ke — —— =,7176. 
1 42.5 
289 

Eq. (9a) Py = 28,430. 


2k — 3k? + k* + 2(1—k) 


Eq. (2k — Sk? + = — 156,894 ft.-Ibs, 


Eq. (10) Sty — (2k — Sk? + k*) + Pyk 16,710. 


Eq. (8) M1, = (— Mg) + Sy a = 200,566. 
m = mom, of hor. forces about base 

= 18,600 x 304% + 3.840 x 42% + 6,000 x 504 = 881,000. 

for wind on side of bidg. and hor. comp. on roof. 

{ Vertical re- { Vertical re- { 

actions at col- actions due Reactions 

umns due to to wind on due to verti- 
Vg={ wind on side }= + { side of build- } + {cal compon- 


of building | ing and to ent of wind 
and roof for | horiz. comp. on roof, | 
|x =o, j on roof, 
Vertical re- 

action due 

wind on side m 28,1—2P,a 567,120 

of building }= = = + 8,861. 

and horiz. | b. b 64 

comp. on| 

roof. 


Vertical re-) 


action at lee-| 3 900 (8 + 16 + 24) + 1,500 x 32 


ward column | 
from vertical 64 = + 3,000 


comp. of wind | 
on roof. 


Ditto at windward column « 12,000 — 3,000 = + 9,000. 


Hence, 


V_ for { Total vertical re- 
= action at leeward | = + 8,861 + 3,000-— + 11,861. 


column, 

Ve for { Total vertical re- ’ 

=) action at wind-'= —8, 861 + 9,000 — + 139. 
ward column. j 


Practically all the mathematical expressions required 
for the determination of the various loads, reactions, 
shears and moments are given. The graphical stress dia- 
gram and the stress sheet are also given. The normal 
wind preesure per square foot of roof surface for various 


pitches corresponding to a given pressure per square foot 
on a vertical plane can be determined from Hutton’s for- 
mula or more readily from tabulated statements given 
in standard books of reference. 

Very truly yours, G. H. Hutchinson. 


FRENCH QUADRUPLE-EXPANSION ENGINE OF 1,500 HP. 
AT THE ST. LOUIS EXHIBITION. 


The power plant of the St. Louis Exhibition in- 
cludes two interesting vertical high-speed engines. 
One of these is a three-cylinder triple expansion, 
1,000 HP. engine of the well-known Willans cen- 
tral-valve type, built by J. A. Bradly, Jr., & Co., 
of Pittsburg, Pa.; this runs at 277 revolutions per 
minute. The other is a quadruple-expansion six- 
cylinder engine of 1,500 HP., running at 335 revo- 
lutions. This was built by the Societe Delaunay 
Belleville, of St. Denis, France, and is the subject 
of the present article. A general view is shown in 
Fig. 1.. 

The engine has three pairs of tandem cylinders, 
side by side: the three upper cylinders are 13.6 
ins. diameter, and the three lower cylinders are 
27.2 ins. diameter; all are of 18.8 ins. stroke. The 
arrangement is shown in the longitudinal section 
Fig. 2. The middle cylinder, A, of the upper row, 


lagged with insulating materia) covered 
steel jackets, but there is no steam jacket in 

Steam can be introduced into all the evil: 
to heat them before the engine is started 
special by-pass allows of admitting steam “ 
high-pressure cylinder without passing the ¢} 
tle, in order to bring the engine to the a 
speed to put the generator in synchronism, « 
other generators feeding into the same sys! 
The speed is regulated by a centrifugal gove: 
driven by a bevel gear on the crank axle, 
engine occupies a floor space 12.36 x 9.18 ft. 
is 17.05 ft. high. Its weight is about 40 ton. 

The steam distribution of each group of cy 
ders is controlled by piston valves of central 
mission, operated by eccentrics on the 
shaft, as shown in the cross section, Fig. 3 
special feature of the engine is its lubrication | 
der pressure, maintaining a constant supply 
oil at all bearings and pins, thus making an ea- 
running engine and preventing wear of the pa: 
Two oil pumps in the bed plate are driven f 
eccentrics on the crank shaft, and force the || 
through holes bored in the shaft and through || 
hollow connecting rods to the crank pins, b.\:. 
ings, crosshead pins, guides, etc. The engine h.- 
a surface condenser, with a centrifugal circulati 


cr 


FIG. 1. 1,500-HP. QUADRUPLE-EXPANSION SIX-CYLINDER ENGINE AT THE ST. LOUIS 
EXHIBITION. 
Societe Delaunay-Belleville, St. Denis, France, Builders. 


is the high pressure cylinder, and from it the 
steam is carried to the two adjacent cylinders, 
B and C, which are the first intermediates. The 
steam is then carried to a reheater, and thence to 
the middle cylinder, D, of the lower row, which is 
the second intermediate. From this the steam is 
carried to the two low-pressure cylinders E and 
F, from which it is finally conducted to the ccn- 
denser. The upper and lower rows of cylinders 
are separated by sleeve castings which also form 
the cylinder covers. The pistons are of cast steel. 

The connecting rods are attached to a crank 
shaft whose three cranks are set at 120°; one eni 
of this shaft is directly connected to the shaft of 
the circulating and air pumps of the condenser, 
while the other end is directly connected to the 
generator shaft. The crank shaft bearings are 
formed in the bed plate, upon which is the frame 
containing the guide bars; this frame forms a 
casing which is fitted with air tight doors, thus 
entirely enclosing the working parts. On the top 
of the frame is a box girder casting, and upon 
this rest the lower cylinders, the object of the 
girder being to separate the cylinders from the 
working chamber. Access to the lower cylinders 
is obtained through this girder. The cylinders are 


pump and an air pump of the Edwards type, with 
cylinders 14 x 7 ins.; both are driven from one 
shaft, which is coupled directly to the engine 
shaft. 

As already noted, the other end of the eng!n: 
shaft is coupled to the shaft of the generator. 
which is an alternating-current machine of 1,(4)0 
KW., with its exciter unit mounted on an exten- 
sion of the shaft. The generator and exciter were 
built by the Societe l’Eclairage Electrique, of 
Paris. 


THE PREVENTION OF LEAD POISONING FROM WATER 
SERVICE PIPES AT TEPLITZ-SCHONAU, BOHEMIA. 


Trouble from lead in city water was experi- 
enced a year ago at Teplitz-Schénau, in Bohemia. 
The city supply is fed from two reservoirs, one 
drawing water from an underground supply, the 
other from mountain springs. The latter water is 
much lower in hardness than the other, and it 
was this softer water which gave rise to com- 
plaints of high lead-content. The highest per- 
missible maximum of,lead is placed at 1 milli- 
gram per liter (1 part per 1,000,000), but some 
samples of water showed 445 times that amount. 
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The house service pipes in the city are uni- 
\orsally made of “sulphurized” lead pipe; that is, 
|-ad pipe on the interior of which a thin film o1 

.d sulphide has been formed by treatment with 
»ydrogen sulphide. Such pipe has been thought 
the Austrian authorities to be immune against 
‘he dissolving action of water. The Austrian 
Ministry of the Interior in 1884 promulgated a 
.-t of rules for water-supply constructions, which 
«pecify, as regards the house service pipes, that 

ich pipes shall be: Cast or wrought iron, but not 

-lvanized iron; or, tin-lined or sulphurized lead 
-ipes, but the sulphurized pipes shall be used 

ly when a test shows that the water in question 
ives not attack such pipes. Since then the use of 
sulphurized lead pipes has become almost uni- 
versal in Austria. 

The observations in the present case showed 
that the sulphurized pipes were materially af- 
rected by the water in use, at any rate by the soft 
spring water. The analyses of the two waters in 
question are: 


per 1,000,000 ——, 
Ground water. srg water. 


Lime@ «cee neces 43.8 
33 


As above stated, it was in all cases the spring 
water, which is the lower in hardness, which 
showed the high lead. Moreover, the highest lead 
was found in samples taken on Monday from 
the tap of a public school, the water having stood 
in the service pipe for some 36 hours. An in- 
vestigation of the subject was then made by Prof. 
Wm. Gintl, who reported that the dissolving ac- 
tion upon the lead pipe was directly traceable to 


carbonic acid at the rate of 28 grams per cu. m. 
(or 28 parts per 1,000,000) of water. 

Such a plant is now being built. It comprises 
two duplicate vertical cylinders about 3 ft. in dia- 
meter by 13 ft. high, filled with crushed lime- 
stone and gypsum in alternate layers; the supply 
pipe enters at the bottom, carbonic acid being ad- 
mitted to this pipe by a branch. The treated wa- 
ter flows from the top of the cylinder into a small 
settling tank, going thence into the distributing 
main. Two treating cylinders are provided, to 
offer facilities for cleaning and repairing without 
interrupting the treatment. _As a preliminary pre- 
caution, before this plant is ready for use, it is 
recommended that users let a quantity of water 
flow to waste each morning before drawing water 
for domestic use, thus getting rid of the water 
that stood over night in the service pipe. The 
case is reported in “Z. d. Oesterr. Ing. u. Arch. 
Ver.,” of Oct. 21, 1904. 

In our issues of Jan. 4, 1900, and Oct. 9, 1902, we 
abstracted accounts of investigations of the ac- 
tion of water on lead and other kinds of service 
pipe, made by the Massachusetts State Board of 
Health in 1897 and 1900, inclusive, and published 
in the annual reports of the Board for 1898 and 
1900. These investigations were prompted by 
eases of lead poisoning in Massachusetts, and 
showed very high lead contents in some of the 
waters of that state. 

Some of the conclusions of Mr. H. W. Clark, 
Chemist of the Board, were: (1) That ‘a potable 
water in Massachusetts to have any dangerous 
lead-dissolving action must contain considerable 
free carbonic acid’; (2) that “the greater the 
hardness of the water as compared with its free 
earbonic acid, the less effect did this carbonic 
acid have upon lead’; (3) that while the exact 
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the low hardness and relative alkalinity of the 
spring water. He reported that the lead sulphide 
lining is not a complete protection, but merely re- 
tards the dissolving action. To prevent further 
trouble he advised that a plant be built for in- 
creasing the hardness of the spring water by s!ow 
passage ‘through a bed of crushed limestone and 
‘gypsum, ‘the water being previously charged with 


quantity of lead that may prove harmful is un- 
known and may vary with different people “it is 
known that the continuous use of water contain- 
ing quantities of lead as small as 0.05 parts per 
100,000, or about 1-33 grain per gallon has caused 
serious injury to health’; (4) that “the use of lead 
service pipes, especially in connection with ground 
water supplies containing considerable free car- 


bonic acid, 


ness.”"" 


should be avoided wherever possible,” 
and that cement-lined iron, tin or tin-lined lead 
pipe should be substituted. If tin-lined pipe 
used the tin should have-“a considerable thick- 
Brass pipe appeared to be little acted upon 
by water, “but copper salts are considered to be 
more harmful than salts of tin.” 


is 


Lecentric 


Fig. 3. Cross-Section of Quadruple Expansion En- 
gine. 

In contrast with one of the above conclusions, 
the dictum of Professor Gintl, who investigated 
the Teplitz-Sch6nau case, should be noted: that 
lead-poisoning of water is rendered possible by 
the absence of bi-carbonates of calcium and mag- 
nesium, and is directly caused by the dissolved 
air; that the dissolved air forms a hydroxide of 
lead, which is slightly soluble in water, but which 
is precipitated by the before-mentioned bicar- 
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bonates; that the presence of chlorides or nitrates 
in considerable amounts may cause lead-poisoning 
of the water even in presence of bi-carbonates; 
that the attack of the lead by the water is more 
rapid when the pipes are sometimes empty and 
thus expose the lead to moist air, which acts 
more rapidly than the air contained in the water; 
and, finally, that when the “‘incrusting solids” in . 
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the water form a complete coating over the inside 
of the pipe, the lead is completely protected 
against being attacked by the water. The pres- 
ence of carbonic acid gas in the water is not 
considered by him to promote solution of the 
lead; as above reported, he recommends the ad- 
dition of this substance in the treating apparatus, 
but this is for the purpose of promoting the solu- 
tion of calcium and magnesium in the form of bi- 
carbonates. In the Teplitz-Schénau case it was 
considered impracticable to supply bi-carbonates 
in the form of sodium bi-carbonate, for the reason 
that the hard ground water which forms part of 
the supply is high in sulphates, so that, in ming- 
ling with the softer water treated with sodium bi- 
carbonate, precipitation and resulting turbidity 
might be caused. The greater cost of treatment 
with sodium bi-carbonate is also an argument 
against its use. 


EXPERIMENTS AND FORMULA FOR THE EFFICIENCY 
OF TANGENTIAL WATER-WHEELS. 
By B. F. Groat.* 
In coordinating a series of laboratory experi- 
ments on impulse water-wheels, the efficiency 
function was chosen in the form 


c 
eg=ax*+h x? +-—-xt+adx 
P 
where x = , 8 = speed in r. p. m. under 
vp 


a pressure of p Ibs. per sq. in. a short dis- 
tance back of the nozzle. About 110 observations 
were made, by several inexperienced students, of 
the brake efficiencies of a 2-ft. impulse turbine (or 
tangent wheel) at various speeds under different 
heads. About 20 of the observations were thrown 
out, being manifestly in error and time not being 
taken to correct them. The remaining 90 observa- 
tions were reduced by least squares, the normal 
equations being formed from 

es c 

x Pp 
e. x, and p being the measured quantities. This 


reduction gave the following for the efficiency 
function: 


x 
e, = — .00000116x* — .00119x* — .582 — + 2.37x. 
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Efficiency Curves for Tangential Water-Wheels, 
from Experiments of Prof. B. F. Groat. 


The plotted points on the diagram represent observed 
efficiencies for values of p between 38 and 42 Ibs. per 
sq. in. The other observations are not plotted. The 
efficiency curves obtained by drawing free-hand curves 
through the observations taken under 20, 30 and 40 Ibs. 
pressure prac.ically coincide with the corresponding curves 
shown above. 

Curves A, B and C are plotted from the formula e = — 


00000116 x* — .00119 x? — — 


x + 2.37 x for p = 20 Ibs,. 
p 
30 Ibs., 40 Ibs., respectively. 
e = brake efficiency, x = ——, 8s = speed in r. p. m., p 


«= pressure of Ibs. per sq. re 4 short distance back of the 
a D is plotted from the same formula, but having 
the third term omitted. 

Upon computing e for the observed values of x 
and p, the majority of results were found to agree 
to within 2 per cent. of the observed efficiency. 
The probable error was probably much less than 


*Assistant Professor of Mechanics, University of Minne- 
sota, Minneapolis, Minn. 


2 per cent. With more accurate measurements 
and experienced observers, a function of the form 
employed may give even closer approximations, 

A plot of the loci of the function for p = 20, 
30 and 40 Ibs. per sq. in. is attached hereto, as is 
also a plot of the function formed by omitting the 

term — —— x (dotted lines). The latter curve 
Pp 
is of interest as it seems to be somewhere near the 
hydraulic efficiency of the motor. 

The above-described experiments and formula 
may be useful for checking laboratory efficiency 
observations. The function seems to be pretty 
close to the right form, at least for the wheel ex- 
perimented upon. 


PROTECTION OF PUBLIC WATER SUPPLIES IN OHIO. 


Ohio is rapidly coming to the front as a State 
that protects the purity of its public water sup- 
plies. For a number of years past all projects for 
new water supplies and for the disposal of sewage 
have been subject to the approval of the State 
Board of Health. Frequently the board has with- 
held its approval of plans because they did not 
provide for water or sewage purification, as the 
case might be, or has approved plans subject to 
orders at its own option for purification works. 
As examples of the attitude of the board, the fol- 
lowing review* of its action on plans for water 
supply and sewerage at its regular meeting on 
June 22, 1904, may be given. 

A proposed new surface water supply for 
Barnesville, from a drainage area of 600 to 700 
acres, was approved, subject to two conditions: 
(1) That the local authorities enforce certain 
rules and regulations for the sanitary protection 
of the drainage area, as drawn by the State 
Board of Health, and (2) the State board re- 
served to itself the right to require filtration 
“whenever in its opinion’ the rules “are not being 
properly observed or when the water becomes suf- 
ficiently polluted to warrant filtration.” The 
rules and regulations embodied in the approval of 
the plans prohibit in detail the construction and 
maintenance of privies and cesspools, stables, pig 
stys and the like within certain distances of the 
proposed impounding reservoir and the streams 
tributary to it, the deposit of various spec’fied 
kinds of polluting material in or near the reser- 
voir or its tributaries, and the discharge of manu- 
facturing wastes in like manner. The rules also 
provide for the appointment of a local inspector, 
who must inspect the drainage area every two 
weeks and note any violation of the rules. Any 
case of sickness found by the inspector must be 
reported to the local board of public affairs, 
“which board shall be responsible for the care 
of the patient with respect to his causing any 
pollution of the water of the Barnesville Res- 
ervoir.” 

In approving plans for a water supply from the 
north branch of the Licking River for Newark 
the board required the installation of filters before 
the water was offered for consumption. Plans 
for mechanical filters at Marietta were approved, 


“and also for a supply from wells for Zanesville. 


Sewerage plans for a district of Lorain, now 
being privately developed, were approved, with 
certain conditions as to the early construction of 
purification works. Sewerage systems for Delphos 
and for Urichsville, without purification works, 
and for Newark, apparently with such works. 
were also approved. 

Dr. C. O. Probst is secretary of the Ohio State 
Board of Health, and on receipt of postage would 
doubtless send a copy of the bulletin containing 
the Barnesville rules. Those rules, or such rules, 
it may be added, were authorized by the last ses- 
sion of the Ohio legislature, which gave mun'cipal- 
ities sanitary jurisdiction over their water supply 
drainage areas for a distance of 20 miles from the 
city or village limits. 


GRIT CHAMBERS, SETTLING TANKS. SINGLE CON- 
tact beds and storm water filters are proposed at Shef- 
field, England, as a subetitute for the chemical precipi- 
tation works built 18 years ego. The plens provide for 
16 settl’ng tanks with a holding capacity of 18,000,000 


*From the “Ohio Sanitary Bulletin,” for July and Aug- 
ust, 1904, which gives the action in more detail. 


_ blocks around were shattered, many chimneys 


U, 8. gallons, 60 contact beds of one-half acre ea. 
16 one-acre, storm water filters. The estimated co 
cluding various accessories, but excluding land. is . 
000 or $1,310,000. The site of 100 acres adjoins the 
ent works and is already owned by the city. p,, 
ably, the old chemical precipitation tanks wi}! be 
ized in the new scheme. If found necessary, secon; 
tact beds will be installed after the works as now p 
have been given a practical trial. The plans a. 
lined must be approved by the Local Governmen: 
before they can be carried out. The scheme is bas. 
the conclusions drawn from experimentai works, if 
can be so-called, treating 1,200,000 U. S. gallons of 
erage a day in 1903-4. Mr. Charles F. Wike, 
C. E., City Surveyor of Sheffield, has directed th, 
vestigations. Although the studies included septic ; 
effluents Mr. Wike concluded that the contact beds 
give satisfactory results if the applied sewage ha 
attained a marked degree of septic action; accordi 
he recommended settling in place of ceptic tanks. 
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THE DROP-TESTING MACHINE of the Macter 
Builders’ Association, designed for testing couplers 
been removed from Altoona to the laboratory of Purd 
University, at Lafayette, Ind. Its drop weighs 1) 
Ibs., and is of forged steel. Its weight meets the requ 
ments of the Master Car Builders’ specifications for rs 
pler testing as well as those of the International As 
ciation for Testing Materials with reference to axle teo 
ing. It can be made to meet the requirements of ; 
last named association for rails. by applying disks to 4 
cylindrical opening in the hammer which serve to incre» 
its weight to 2,000 lbs. The drop is handled by a w 
cable served by a reversible hoisting engine within th 
locomotive laboratory. The anvil or base of the machi: 
weighing 17,000 Ibs. is carried by a nest of coiled spring 
which in turn are mounted upon a suitable foundation 
plate. It is assumed that the spring support of the anvil 
makes the machine easily reproducible; that is, that the 
resisting qualities of a similar anvil, similarly supported 
will be the same whether the machine rests upon a rock 
foundation or upon soft soil. The machine rises to « 
total height of 55 feet. 
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AN EXPLOSION OF DYNAMITE killed one man, mor- 
tally injured two others, and more or less seriously in- 
jured 50 people in Mount Vernon, N. Y., Nov. 2. The 
dynamite was temporarily stored in a cut under a high- 
way bridge which was destroyed by the explosion. The 
number of cases that exploded are variously estimated at 
from two to ten; and, judging by the fact that the ex- 
plosion was felt in a radius of ten miles, the amount of 
exp'osive was nearer ten than two cages. Moreover, it is 
stated that a deep hole was left in the rock where the 
dynamite shed had stood. Windows in all houses for two 


were 
thrown down and walls cracked, causing damages es i- 
mated at $50000. That more men were not killed wa» 
due to the fact that the explosion occurred during the 
lunch hour. The cause of the explosion ig not known, 
but is attributed to a lighted cigar falling from the 
bridge. 


THE FAILURE OF A SMALL RESERVOIR AT 
Wingion-Salem, N. C., early in the morning of Nov. 2 
caused the death of. nine people living in the immediate 
vicinity. The reservoir was 62 ft. square on the inside 
and was formed by brick walls 35 ft. in height above the 
bottom. The reservoir was built in 1881 or 1882 by a 
private company. In 1894 the city bought the water- 
wo:ks and adced 10 ft. to the height of the walls, at the 
same time incregsing their thickness. The 6 ft. added to 
the thickness was built on the original reservoir bottom 
and at the same time the bottom lining was increased by 
a depth of 12 ins. There seems to have been little or no 
attempt to bond the old and new walle together. 
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THE LEWIS AND CLARK EXHIBITION, at Portland, 
Ore., which is to open on June 1, and continue till Oct. 
15, 1905, is now allotting space to exhibitors. About 
$5,000,000 is to be expended on the Exposition, and a 
large number of exhibits shown at St. Louis will be taken 
to Portland. 


A FERRYBOAT WAS SUNK in New York harbor on 
the mo ning of Nov. 4. The ferryboat “Columbia,” of the 
Union Ferry Co., running from Montague St., Brooklyn. 
to Wall St., Manhattan, New York City, was rammed by 
the Long Island Sound steamboat ‘‘City of Lowell.’’ A 
dense fog hung over the river at the time. All of the 
many people on the ferryboat were rescued. 
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STATE PRISON FOR CAUSING A COLLISION was the 
sentence given to a locomotive engineer in Mexico a few 
days ago. The collision occurred last spring and re- 
sulted in a large number of deaths. The engineer of one 
of the trains was found guilty of criminal carelessness 


and was sentenced to four years in prison. 
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